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INTRODUCTION 

Statement of Problem and Methods 
Although there have been many excellent papers on the osteology of 
the primate pelvis 1 and upon the myology of the pelvic region in many 
primates 2 there has been little attempt to show the relation between the 
form of the pelvis and the function of the muscles attached to it. Weiden- 
reich (1914), in his important paper on the form of the pelvis, deals with 
the subject from a different point of view. He shows some of the effects 
of the changed distribution of body weight in the evolution from the 
arboreal quadrupeds to bipedal man. His references to the effects of 
muscular action are limited to the suggestions that the strong develop¬ 
ment of the anterior inferior iliac spine is traceable to the action of the 
rectus femoris which assists the ilio-femoral ligament in the maintenance 
of balance in the upright position of the body; that the pull of the tensor 
fascia lata and ilio-tibial tract causes the especial development of the 
anterior superior iliac spine; and that the modification of the anterior and 

l The most recent comparative study is that of v. d. Broek (1914). 

*An excellent bibliography is given in Sonntag (1924). 
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upper margins of the symphysis depends upon the pull of the adductors. 
Knauer (1914) has suggested that the development of the fossa iliaca 
of man is due to the action of the pelvic musculature. The abdominal 
muscles are stretched tightly between the iliac crests to aid in keeping the 
pelvic viscera in place. This strong pull and the counteraction of the 
viscera condition the iliac fossa. He believes also that the characteristic 
broadening of the ilium in anthropoids is due in part to the gluteal 
musculature. 

Sir Arthur Keith (1923) has made the following statements: (1) 
that the disappearance of the tail extensors consequent upon the loss of 
the tail has left the sacrum free for use of the erectors of the spine; (2) 
that the sacralization of the seventh and sixth lumbar vertebrae extends 
and strengthens the area for spinal fixation; (3) that the extension 
of the iliac crests, particularly in the dorsal direction gives an increased 
base for the fixation of spinal muscles; (4) that the backward tilt of the 
sacrum in man has still further increased their area of origin; (5) that 
the shortening of the anterior border of the ilium in the primate series 
has resulted in a weakening of the human groin; (6) that short pelvic 
levers are desirable in upright walking man, whereas long pelvic levers 
are necessary in the climbing anthropoids; (7) that the tilting of the 
symphyseal part of the human pelvis in the direction of the umbilicus 
has brought the levator ani muscles into a more horizontal position so 
that in man they form a pelvic floor capable of supporting the abdominal 
contents. 

Since these papers are of a general nature, unaccompanied by dia¬ 
grams and descriptions of conditions in particular animals, it was thought 
that a detailed study of the pelvic region in representatives of as many 
of the families as were available might yield additional points of interest 
in regard to the evolution of the primate pelvis. This investigation was 
undertaken, then, with the immediate purpose of determining the rela¬ 
tion between the locomotor habits of the animal and the external form of 
the pelvis in a series of primates from the lemur to man. It was expected 
that the study would yield results which would be of value in the attempt 
to separate habitus from heritage characters in these forms and that it 
would, therefore, throw some light upon the evolution of the pelvis 
within the group. 

In the attempt to discover the connection between the locomotor 
habits and the pelvic structure, certain facts established through the 
work of various anatomists and physiologists were kept in mind. 

(1).—The force which a muscle can exert depends upon the number of its fibers. 
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(2) . The extent through which a muscle can contract depends upon the length 
of its fibers. 

(3) .—The amount of work done by muscle fibers is inversely proportional to 
their rate of contraction. The greater the contraction rate the greater is the number 
of fibers required to do a given amount of external work. 

(4) .—A muscle can pull with the most force when it is under tension. 

(5) .—The total pull of a muscle inserting obliquely onto a bone must be resolved 
into two components: one, a centripetal component, or a pull along the shaft toward 
the joint concerned; the other, the rotation component, or a pull across the shaft. 
The rotation component can be shown to vary directly with the angle of insertion. 

(6) .—The speed of the distal end of a long bone varies inversely with the angle 
of insertion of the muscle, provided the rate of contraction and length of muscle are 
kept constant. 

(7) .—The speed of the distal end of a long bone becomes greater with the 
approach of the insertion point toward the head of the bone, provided the angle of 
insertion and rate of contraction are constant. 

(8) .—The speed at which animals can move is dependent partly upon the strength 
of their bones, tendons, and joints. The strength of these structures is proportional 
to their cross-section. 

(9) .—Osteoblasts build according to the stresses to which they are subjected. 

In analyzing the function of muscles whose contraction causes move¬ 
ment in the hip-joint, the following facts were remembered: that the 
hip-joint is a multiaxial joint in which movement is free in all direc¬ 
tions; that in any multiaxial joint there are, however, three cardinal 
axes about which movement can take place, and three cardinal planes in 
which movement can take place; that the actual plane of any movement 
is said to be defined by three points: the point of origin of the muscles, the 
point of insertion, and the center of rotation of the joint. The table below 
gives the relationship of cardinal axes, planes, and types of motion in a 
quadruped and in man. 

Quadruped 


Plane 

Dorso-Ventral or Longitudinal 

Transverse 

Frontal 


Plane 

Longitudinal 

Transverse 

Frontal 


Axis 

Horizontal 

Longitudinal 

Dorso-Ventral 

Man 

Axis 
Frontal 
Longitudinal 
Anterior Posterior 


Type of Motion 
Flexion-Extension 
Abduction-Adduction 
Rotation 

Type of Motion 
Flexion-Extension 
Rotation 

Abduction-Adduction 


The theoretical analysis of function was frequently checked upon 
animals in which the capsule of the hip-joint had not been broken. 
Holes were bored through pelvis and femur at various points on the areas 



588 


Bulletin American Museum of Natural History 


[Vol. LVIII 


of origin and insertion of the muscle in question. Thread was drawn 
through the holes and knotted at one end. The other end was left free 
so that it could be pulled when the animal had been put into the desired 
position. A pull from the insertion upon the origin or vice versa gave 
some idea as to the function of the muscle. 

The pelvic region was dissected in the following forms: 


1 . 

Lemur varius 

adult male 

2. 

Lemur 

adult female 

3. 

Perodicticus 

adult female 

4. 

Galago gallarum 

adult female 

5. 

Cebus hypoleucus 

adult female 

6. 

Alouatta seniculus 

young female 

7. 

Alouatta seniculus 

adult female 

8. 

Macacus 

adult female 

9. 

Lasiopyga 

adult male 

10. 

Papio hamadryas 

adult male 

11. 

Hylobates 

young male 

12. 

Pan 

young male 

13. 

Pongo 

young female 

14. 

GoriUa 

young male 

15. 

Homo 

male 


Excellent skeletons of the forms dissected were made available for 
study through the courtesy of the authorities of The American Museum 
of Natural History. 

I am greatly indebted to Dr. William K. Gregory of Columbia 
University and The American Museum of Natural History for suggesting 
this problem and for his helpful criticism throughout the course of the 
work. My thanks are also due to Mr. Harry C. Raven of the Museum 
for his aid in securing material and for the benefit which I have derived 
from discussion with him in regard to the habits of the animals studied 
and the action of muscles in mammals. I am grateful to Mrs. Helen 
Ziska for her aid in preparing the plate and text figures. 


Classification and Habits of the Animals Studied 

The following outline gives the systematic position of the forms 
dissected. 

Suborder Lemuroidea 

Family Lemuridae —Lemur 
Family Lorisidae 

Subfamily Galaginae —Galago 
Subfamily Lorisinae —Perodicticus 



1929 ] 


Waterman, Evolution of Pelvis in Primates 


589 


Suborder Anthropoidea 

Series 1. Platyrrhini 

Family Cebidae— Cebus , Alouatta 
Series 2. Catarrhini 

Family Cercopithecidae— Macacus, Papio, Lasiopyga 
Family Simiidae— Hylobates, Pongo, Pan, Gorilla 
Family Hominidae— Homo 

The animals listed above are arboreal quadrupeds, with the exception 
of Papio , the anthropoids, and man. Papio is a quadruped but iS 
secondarily terrestrial. The anthropoids are arboreal but they go 
upright in the trees swinging along by their arms, a method of locomotion 
known as brachiation. 

A short description of the peculiar life habits of each animal is given 
below: 

Lemur. —Capable of running with great speed along the branches and of leaping 
with marvelous agility. 

Galago. —An excellent climber and leaper. The shortening of its anterior limbs 
makes it a poor walker or runner. 

Perodicticus. —Very slow in all its movements. It never leaps or runs. 

Cebus. —Very active. It walks and runs on the branches of the trees and often 
descends to the ground. It approaches a semi-upright position in squatting. 

Alouatta. —A sluggish animal. It has a prehensile tail which it uses in swinging 
from tree to tree. 

Macacus. —Like all Old World monkeys it is capable of sitting upright, with a 
straight back. 

Lasiopyga. —An active leaping form. 

Papio. —Rarely ascends into the trees but lives in the open country. It can run 
swiftly over the ground. 

Hylobates. —An excellent climber and bipedal walker. In the trees it holds itself 
erect and on the ground it can run in the erect position holding its hands above its 
head to aid in the maintenance of balance. 

Pongo. —Extremely arboreal. Its fore and hind limbs are used more for suspen¬ 
sion than support. On the ground it moves like a quadruped but very awkwardly. 
According to Pocock it is fourth among the apes in bipedal locomotion. 

Pan. —An excellent climber. It runs on the ground like a quadruped. It stands 
upright only occasionally and then for very short periods of time. 

Gorilla .—Not as good a climber as the other anthropoids. It ranks second to the 
gibbon in bipedal and second to the chimpanzee in quadrupedal locomotion. 


FORM OF THE ILIUM IN RELATION TO ITS MUSCULATURE 

It is realized that the pelvis functions as a whole, that the parts are 
so interrelated that a change in one part may be correlated with a change 
in some other part, and that such a change may have more than one 
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consequence; yet it is necessary for the purpose of analysis to consider 
the various parts separately. 

In the ilium of primates (Fig. 1) there are three surfaces and four 
edges. Following v. d. Broek’s terminology the surface turned toward 
the vertebral column is called the sacral plane; the ventrally directed 
surface, the iliac plane; the third surface, the gluteal plane. The margo 
pubicus separates the sacral plane from the iliac; the margo acetabuli, 
the iliac from the gluteal; and the margo ischiadicus, the gluteal plane 
from the sacral. The iliac crest is the anterior edge of the ilium which 
connects the margo ischiadicus with the margo acetabuli. 

Taking as a type form an arboreal quadruped like the lemur we find 
the gluteal plane (Fig. 2F) divided into two parts: a lateral and a medial. 
The larger lateral part, the gluteal plane proper, reaches from the margo 
acetabuli to a swollen projection which extends from the posterior supe¬ 
rior iliac spine to the great sciatic notch. The small-medial surface which 
will be called the postgluteal plane extends from the swollen projection 
to the margo ischiadicus. 

The sacral plane is likewise divided into two parts, an upper and a 
lower, the upper consisting of the auricular surface and the iliac tuberos¬ 
ity, the lower turned toward the small pelvis. 

T’he margo pubicus (Fig. 1A) is divided into two parts which form 
an angle with each other. The part below the auricular surface is called 
the linea terminalis (It ); the part above this which separates the auricular 
surface and iliac tuberosity from the iliac plane, the linea limitans ( ll ). 
The linea limitans ends in a projection of the iliac crest called the spina 
limitans (si). 

The margo ischiadicus consists of two parts: the upper, forming the 
dorsal boundary of the iliac tuberosity and the auricular surface; the 
lower, the edge of the sciatic notch. 

The changes in the above surfaces and edges that are correlated 
with the changed locomotor habits of the animals studied will be 
described after a necessary preliminary discussion of the length of the 
iliac blade in Primates. 


The Length of the Ilium 

There is a rather steady increase in the length of the ilium in relation 
to the length of the body in the series from the lemur up to gorilla. In 
man the blade is short again as the following table shows. 
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Length of Iliac Blade in Relation to Length of Body 


» 

Animal 

Length of 

Length of 

Length of Blade X 100 

Body 1 

Blade 2 

Length of Body 

Cat 

33 cm. 

4 cm. 

12 

Lemur , No. 755 

27 

4.2 

16 

Lemur 

34 

58 

17 

Perodicticus 

26 

4.9 

19 

Galago 

12 • 

2.6 

22 

Cebus, No. 583 

31 

6.1 

19 

Cebus 

30 

5.6 

19 

Alouatta 

37.5 

7.3 

19 

Alouatia y No. 557 

32.5 

6.1 

19 

Macacus 

36 

7.7 

21 

Lasiopyga No. 585 

34 

6.0 

18 

Lasiopyga 

42 

7.7 

18 

Papio hamadryas, No. 632 53 

11.0 

21 

Papio hamadryas 

54 

11.1 

21 

Hylobates, No. 651 

29 

7.0 

24 

Hylobates 

37.5 

9.2 

24 

Pan 

48 

11.6 

24 

Pongo 

63 

15.5. 

25 

Gorilla 

54 

15.5 

28 

Homo 

72.5 

11.9 

16 

Homo 

75 

12.0 

16 

Homo 

77 

12.5 

16 


The length of the blade may be taken as a rough measurementjrf 
the power arm of the lever concerned in the movement of the body from 
the fulcrum at the hip-joint. The weight arm of the lever would be the 
distance from the hip-joint to the center of gravity of the animal. Jin 
the case of eight of the above animals it was possible to determine the 
weight arm for one position of the animal. 

The distance of the center of gravity from the acetabulum was 
determined in the following way. The animal was suspended in the 
quadrupedal position from a rod by ropes tied around the body in front of 
the shoulder and hip-joints and that rod was then balanced on the edge of 
another rod placed beneath it and at right angles to it. The point on the 


1 Length of body measured from center of acetabulum to crown of head. 
2 Length of blade measured from center of acetabulum to most anterior point. 






C pprodictlcus B Perodicticus 



E Lemur F Lemur 

Fig. 2. Pelves of lemurs in lateral and dorsal views. 
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animal beneath the balancing point on the rod was marked and the 
distance from that point to the acetabulum measured. 

For purposes of comparison the cat, a non-arboreal quadrupedal 
animal, was included in the study. 

Length of Iliac Blade in Relation to Position of Center of Gravity 



I 

II 

III 


Length of 

Distance of IIX100 

Length of 

Animal 

Body 

Center of I 

Gravity 

Iliac Blade 



from 




Acetabulum 



Cat 

33 

14 

42 

4 

29 

Lemur , No. 755 

27 

9 

33 

4.2 

46 

Cebus, No. 583 

31 . 

12 

39 

6.1 

50 

Alouatta , No. 557 

32.5 

12.5 

38 

6.1 

49 

Macacus, No. 

1046 

36 

17 

47 

7.7 

45 

Lasiopyga, No. 

585 

34 

14.5 

43 

• 7 

48 

Papio, No. 632 

53 

24 

45 

11 

45 

Pan, No. 531 

48 

18 

37 

11.6 

64 

Pongo 

63 

28 

44 

15.5 

55 


The table brings out the fact that the long ilium of the lemur, an 
arboreal leaper, provides a much more powerful lever arm than the ilium 
of the non-arboreal leaper, the cat. It shows that as the blade has in¬ 
creased in length in the series of primates the center of gravity of the 
body has moved forward. Therefore, the relation in percentage of power 
arm to weight arm has remained almost the same, except in the chim¬ 
panzee and the orang. In the chimpanzee the center of gravity is nearer 
the acetabulum again, but the blade is even longer so that there is an 
arrangement for even greater power. In the orang the center of gravity 
is far foward, but the blade is longer so that the lever there is powerful 
also. 

The determination of the weight arm was not made for man, bub 
the construction of the human body makes it evident that the center 
of gravity would lie closer to the acetabulum than in the anthropoids. 
The short blade, then, would give sufficient power and it would provide 
for more speedy movement than the longer blade, a desirable thing in 
bipedal man as Keith has pointed out. 

There is a certain provision for speed of movement, however, in 
the blade of the arboreal primates, for the long blade in itself gives an 
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extensive surface for the attachment of muscle fibers and so makes 
possible the presence of powerful muscles capable of rapid contraction. 
In man the decrease in height of the blade is compensated for by an 
increase in width so that the muscle areas are large. The short blade is, 
then, simply an added factor for speed. 

The Gluteal Plane 

In the lemur the gluteal plane (Fig. 2 E, F) faces almost entirely 
laterally. There is, to be sure, an outward flare at the anterior end which 
conditions an antero-posterior concavity and there is a tendency toward 
horizontal flaring especially marked at the anterior external angle of the 
blade and at the anterior inferior iliac spine. The plane in its anterior 
part is concave dorso-ventrally. 

The gluteus medius, two portions of the gluteus minimus, and a few 
fibers of the gluteus maximus take origin from this surface. Of these, the 
gluteus medius is by far the most powerful. It is a bipenniform muscle 
having an origin not only from the bone but from the gluteal fascia above 
it and from the fascia between it and the abductor caudae externus as 
far down as the tip of the last sacral vertebra. On the bone it extends 
from the anterior edge of the ilium almost to the region of the anterior 
inferior iliac spine. It is inserted on the lateral surface of the great 
trochanter. The gluteus minimus is in two parts. One, sometimes called 
the scansorius, arises from a narrow strip along the ventral edge of the 
gluteal plane and from a ligament stretching between the anterior 
external angle of the ilium and the anterior inferior iliac spine. The other 
arises from the surface of the ilium posterior to the gluteus medius. 
These two parts are inserted separately into the anterior crest of the 
great trochanter. The gluteus maximus arises by muscle fibers from the 
anterior superior spine and through an aponeurosis from the anterior 
crest of the ilium, the margo acetabuli and the spinous processes of the 
sacral and caudal vertebrae, and by muscle fibers from the transverse 
processes of the second and third caudal vertebrae. The part arising from 
the anterior superior spine is inserted into the third trochanter. The 
rest of the muscle continues below the great trochanter to the posterior 
part of the femur. 

One of the c^iief functions of the gluteus medius in the lemur is 
lateral rotation of the pelvis. If the point of origin of any one of the 
muscle fibers arising from the laterally directed portion of the plane is 
connected with its point of insertion and the center of rotation of the 
joint the three are seen to lie almost in the frontal plane. The move- 
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ment is, therefore, rotation: inward rotation of the thigh when the pelvis 
is fixed; lateral rotation of the pelvis when the thigh is fixed. Undoubted¬ 
ly, the more posterior fibers of the muscle, especially those lying above 
the pyriformis, function in abduction, but the more important action in 
relation to the form of the pelvis is lateral rotation, a fundamental 



an* am.** fc's/n - 

C Atouaffa D Alouatla 


Fig. 3. Pelves of South American monkeys in lateral and dorsal views. 

movement in an arboreal leaper which must be able to turn its whole 
body very quickly in order to maintain its footing in the trees, to insure 
a good “take off” from uneven branches and a safe landing on the de¬ 
sired spot. The long curved iliac blade provides an extensive surface for 
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this muscle and the outward flaring of the blade at the anterior end 
means a wider angle of insertion for the muscle fibers on the pelvis, an 
arrangement for power. The portion of the gluteus minimus arising 
along the ventral edge of the plane is in a position to assist in the lateral 
rotation of the pelvis as is the portion of the gluteus maximus which 
extends from the third trochanter to the anterior superior spine. 

Another adaptation for the leaping habits is seen in the horizontal 
flaring which is so noticeable in the gluteal plane. This permits the 
gluteus medius as well as those fibers of the gluteus maximus which 
extend toward the anterior end of the iliac blade to act with power in 
holding the pelvis in the desired position just before the animal leaps 
and to aid in the extension of the hip joint which occurs simultaneously 
with extension of the knee and ankle at the moment of the “take off.” It 
is evident that when the animal is crouched for the spring the ham¬ 
strings cannot maintain any extension of the pelvis on the thigh. The 
glutei, however, are under tension and by the degree of their contraction 
can help to determine the angle which the pelvis shall make with the 
thigh. Thus they help to determine the direction of the leap. 

Galago (Fig. 2, A, B) and Perodicticus (Fig. 2, C, D) reveal their 
lemuroid heritage in the orientation of the gluteal plane, the presence 
of a third trochanter on the femur, and in certain of the muscular arrange¬ 
ments. The gluteus medius occupies the greater portion of the gluteal 
plane and there is a portion of the gluteus maximus attached to the third 
trochanter as in the lemur. The scansorius portion of the gluteus mini¬ 
mus is lacking, however, and the gluteus maximus (Fig. 7 C, D) in these 
two members of the family Lorisidae is muscular over the entire surface 
of the gluteus medius. In Galago it arose by muscle fibers from the entire 
anterior edge of the ilium, in Perodicticus by muscle fibers from the 
anterior superior spine and by short tendinous fibers from the remainder 
of the anterior edge. There is no gluteal fascia and the gluteus medius 
is not bipenniform. 

In contrast to the condition in the lemur, the margo acetabuli in 
both these forms is faintly marked and a portion of the iliac plane faces 
laterally. The outward flaring at the anterior end of the blade is less 
marked. 

The faintness of the margo acetabuli may be explained in part, 
perhaps, by the fact that there is no pull upon it by fibers of the gluteus 
medius through a gluteal fascia or by any portion of the gluteus minimus. 
But there is another reason for it. The dorso-ventral concavity char¬ 
acteristic of the gluteal plane of the lemur is lacking in Perodicticus and 
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Galago. Thus the surface for attachment of muscle fibers is not as great 
in these last two forms. For Galago this seems surprising at first because 
in the extreme leaping type extensive surfaces of origin for the muscles 
might be expected. If, however, we take into consideration the fact that 
in Galago the length of the blade makes up twenty-two per cent of the 
length of the body, whereas in the lemur the blade is only sixteen per 
cent of the body length, and that the center of gravity of the body of 
Galago is nearer the acetabulum owing to the shortening of the anterior 
limbs, we come to the conclusion that Galago does not need as powerful 
muscles. Nor does the sluggish Perodidicus need large surfaces for 
muscle attachment. Anthony (1914) has shown by his experiments on 
dogs that the formation of the sagittal crest of the skull is dependent 
upon the presence of two powerful temporal muscles. If the muscle on 
the left side of the skull were removed the muscle on the right side 
extended its origin to the left of the mid-dorsal line but the crest did not 
form normally. Thus it seems reasonable to interpret the sharp margo 
acetabuli of the lemur as due to the presence of a powerful gluteus medius, 
attempting, we may say, to extend its surface of origin while the faint 
margo acetabuli of Galago and Perodidicus may be due to reduction in 
power of that same muscle. 

A comparison of dorsal views of the pelves of Lemur , Galago , and 
Perodidicus (Fig. 2, B, D, F) brings out the fact that there is less out¬ 
ward flaring of the iliac blade at its anterior end in Galago and Perodidi¬ 
cus. For the Lemur , as shown above, this outward flaring gives a wider 
angle of insertion for the fibers of the gluteus medius on the pelvis. In this 
connection, it should be noted that there is less contrast in Galago and 
Perodidicus than in Lemur between the distance across the small 
pelvis from acetabulum to acetabulum and the distance across the middle 
of the sacrum. Consequently, the pull backward to the great trochanter 
is direct in these animals, whereas it would not be direct in the Lemur if 
there were no outward flaring. 

In the South American monkeys, Cebus and Alouatta (Fig. 3), the 
entire ventral portion of the gluteal plane is turned at an angle to the 
rest of the plane so that it looks dorsally. There is no ligament compa¬ 
rable to that in Lemur which stretches from the anterior superior to the 
anterior inferior iliac spine. It is as if the area occupied by the ligament 
had become filled out with bone in such a way as to make the margo 
acetabuli almost straight. The distance between the spina limitans and 
the anterior superior spine is greater than in the lemur. 

From the dorsally directed portion of the plane arise fibers of the 
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gluteus medius, gluteus minimus, and tensor fascia lata. The gluteus 
maximus has no attachment through muscle fibers to any portion of the 
blade and in this connection we may note the disappearance of the third 
trochanter from the femur. 

In the two specimens of Cebus measured, twelve per cent of the entire 
area occupied by the gluteus medius was found to face dorsally, whereas 
in the lemur, only six per cent faced directly dorsally. The habits of 
Cebus differ from those of Lemur in one important respect upon the basis 
of which the difference may be explained. Cebus approaches the semi¬ 
upright position in squatting. The fibers arising from the dorsally 
directed portion of the iliac blade are ideally placed to aid in the 
maintenance of this position. The primates squat with the feet close to 
the ischial tuberosities and the thighs parallel with and close to the 
abdomen. In this position the hamstring muscles are of no use in hold¬ 
ing the pelvis upright, but the glutei, put into a state of tension by the 
flexion of the hip-joints, are in a position of physiological advantage for 
preventing a forward fall. The opposing iliacus would prevent a back¬ 
ward fall. 

The horizontal flaring of the gluteal plane is more pronounced in 
Alouatta than in Cebus , more even than in some of the Old World mon¬ 
keys. Forty-eight per cent of the gluteal plane faces dorsally. It is 
difficult to account for this since Alouatta is a sluggish creature. As 
noted by v. d. Broek, it is much like Ateles, however, in the skeletal char¬ 
acteristics of its pelvis. These likenesses may perhaps be taken as 
indication of relationship. It is said that Ateles goes upright in the trees 
to a greater extent than the other South American monkeys, that it is, 
in fact, a very primitive brachiator. The broadening of the gluteal plane 
would, then, have significance not only in relation to the action of the 
glutei but also in relation to the action of the muscles attached to the 
crest above it, since those muscles in brachiating forms must help to 
support the weight of the pelvis and lower limbs when the animal hangs 
by its arms. The broader crest would give a firmer origin to the sus¬ 
pending muscles. 

The muscle maps shown in the diagrams of the pelvis reveal the 
fact that in Cebus (Fig. 3), as in all the Old World monkeys (Fig. 4), 
anthropoids, and man (Plate XXII), the gluteus medius is limited to the 
anterior portion of the gluteal plane, whereas in Lemur (Fig. 2 E) and 
Alouatta (Fig. 3, D), the muscle extends almost to the region of the 
anterior inferior iliac spine. 

An examination of the relative lengths of muscle fibers in the series 
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revealed the interesting fact that, with the exception of Alouatta , the 
fibers of the gluteus come to approach more nearly in length those of 
the iliacus in the same animal as one ascends in the series. 


I II 

Length of Fibers of Length of Fibers of I 
Animal Gluteus Medius Iliacus II 


Lemur 

2.6 

4.3 

62 

Cebus 

2.7 

3.5 

77 

Alouatta 

2.2 

5.7 

39 

Lasiopyga 

4.2 

4.7 

89 

Papio 

7.6 

7.7 

99 

Hylobates 

4.5 

4.5 

100 

Pan 

7.0 

7.0 

100 


The length of fibers of a muscle may be taken as an indication of the 
extent through which the muscle can contract. The amount of move¬ 
ment in a joint produced by muscular contraction is dependent not only 
upon the extent of contraction of the muscle but upon the distance of the 
point of origin and insertion from the center of rotation of the joint. 
The fibers of the iliacus arising from the anterior end of the blade are 
inserted on the lesser trochanter which is almost equidistant with the 
insertion of the gluteus medius from the center of rotation of the femur. 
The points of origin of the two muscles on the blade would be compa¬ 
rable. Therefore, the difference in length of muscle fiber is taken to in¬ 
dicate a difference in function. In all of these animals rotation is less free 
than flexion and extension. In a lemur, so beautifully preserved that its 
limbs were very flexible, the rotation range equalled 45°; the flexion- 
extension range equalled 75°. The shorter fibers of the gluteus medius 
in the lemur adapt that muscle for its function in rotation. The longer 
fibers in the higher forms make the gluteus medius a more perfect 
opponent of the iliacus. Alouatta , again, is difficult to explain. 

The removal of the gluteus medius to the anterior end of the blade 
necessitated by the increased length of the fibers of the gluteus medius 
leaves the posterior portion of the gluteal plane free for the gluteus 
minimus. The insertion of this muscle on the anterior edge of the great 
trochanter makes it an important rotator. Undoubtedly, the fibers of 
the gluteus medius attached to the laterally directed portion of the 
gluteal plane can act as rotators just as they did in the lemur, but the 
reduced size of the area occupied by those fibers necessitates compensa¬ 
tion through an increase in the area of the gluteus minimus. The gluteus 
minimus, arising as it does only from the bone is, however, a much 
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weaker muscle than the gluteus medius. But rapid rotation of the pelvis 
is not as important a movement in Cebus as in Lemur. 

The lateral edge of the gluteal plane affords secure origin to the 
tensor fascia lata in Cebus , a muscle not discovered in any of the Lemuroi- 
dea. The muscle has some fibers also from the fascia over the gluteus 
medius. It is inserted into the fascia lata which is strongly developed 
(Fig. 7B). It helps to extend the knee and to keep it extended and is 
therefore useful to the animal in climbing and standing. The muscle was 
present in Alouatta but very reduced in size. 

The adaptations for upright sitting, indicated in Cebus , are brought 
to a higher degree of perfection in the gluteal plane of the Old World 
monkeys (Fig. 4.). About thirty per cent of the plane is turned dorsally 
in Lasiopyga, thirty-six per cent in Papio , sixty per cent in Macacus. 
In a Macacus weighing 2265 grams this portion of the plane measured 
five square centimeters, whereas in a Cebus weighing 1698 grams the 
corresponding area was only .5 square centimeters. Thus there is an 
absolute increase in the area, not merely a relative increase dependent 
upon increase in the mass of the animal. 

In Lasiopyga and Papio the portion of the gluteal plane which is 
turned at an angle to the more laterally directed portion is also much 
larger in proportion to the mass of the animal than the corresponding 
surface in Cebus. In both of these forms, however, this portion of the 
plane is not turned directly dorsally, but rather Horso-laterally owing to 
an increase in the size of the angle between it and the rest of the plane. 
This orientation may be explained as a secondary condition correlated 
with the peculiar life habits of these forms. Lasiopyga , like Lemur , 
is an excellent leaper. Again, the gluteus medius must act as a powerful 
rotator. The downward tilting of the lower portion of the plane favors 
this action since it places the origin of fibers arising from it more to one 
side of the axis of rotation than they would be if the surface faced directly 
dorsally. Papio has become secondarily terrestrial. In such a swift- 
moving ground dweller rapid turning of the body from the hip-joint as 
a fulcrum is one of the fundamental movements. The gluteus medius, 
then, is as important in lateral rotation of the pelvis as in the main¬ 
tenance of balance in the squatting position. 

The anthropoids (Plate XXII) show still further increase in the 
area of the dorsally directed portion of the gluteal planes. In Hylobates 
sixty-eight per cent of the entire area was directed dorsally, in Pan and 
Pongo eighty per cent and eighty-two per cent, respectively. In Gorilla 
the blade is very flat, facing almost directly backwards. A comparison 
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of Hylobates with Macacus reveals an absolute increase in the dorsally 
directed area occupied by the gluteus medius. In Pan and Pongo the 
increase in this area above the amount in Macacus was almost an exact 
function of increasing mass. 

Area of Dorsally Area of 
Animal Weight Directed Portion of Gluteus 

Gluteus Medius Minimus 


Cebus 

1698 gms. 

. 5 sq. cms. 

2.4 

Alouatta 

1644 

4.0 

4.0 

Macacus 

2265 

5.0 

4.0 

Lasiopyga 

1585 

3.0 

4.3 

Papio 

7134 

6.0 

15.0 

Hylobates 

1812 

5.0 

3.9 

Pan 

8380 

18.9 

6.0 

Pongo 

24516 

50.64 

15.0 * 

There was no gorilla available for study which had been 

weighed 

before being dissected. 




That there has been a 

broadening of the anterior end of 

the iliac 

blade is shown by the following table 

in which the distance across the 

broadest portion of the area of the gluteus medius is shown in its relation 

to the length of the blade. 





I 

II 




Distance across 

II 

Animal Length of Blade 

Broadest Part of Area 

I 



Occupied by the 




Gluteus Medius 1 


Lemur 

5.8 

.35 

6 

Cebus 

5.6 

.5 

10 

Alouatta 

7.3 

1.6 

22 

Macacus 

7.7 

1.1 

14 

Lasiopyga 

7.7 

1.2 

16 

Papio 

11.0 

2.0 

18 

Hylobates 

7.0 

2.4 

34 

Pan 

11.6 

5.6 

47 

Pongo 

15.5 

8.0 

51 

Gorilla 

23.0 

19.0 

83 

Homo 

13.0 

11.6 1 

88 


iThis is a straight line measurement between the anterior superior spine and the linea limitans. 
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Since the increase in area occupied by the gluteus medius is propor¬ 
tionately greater than the increase in area occupied by the gluteus 
minimus, the broadening of the gluteal plane is especially marked at the 
anterior end. Dorsal views of the pelves of the monkeys (Figs. 3, 4) 
and anthropoids (Plate XXII) disclose the fact that the shape of the 
area occupied by this muscle is roughly rectangular in the monkeys, 
that in the anthropoids, on the other hand, it is broadest through the 
region of the anterior superior spine, and that above and below this region 
it decreases in lateral extent. If the shape of the area had been kept the 
same in these last forms as in the monkeys the broadening would not 
have had to be so great to give the required increase in area. The exces¬ 
sive broadening, then, provides for a longer iliac crest and this is in rela¬ 
tion to the brachiating habits as will be shown in a later paragraph. 

. It is believed that the gluteus medius in the anthropoids, as in the 
Old World monkeys, helps to maintain the balance of the body in the 
squatting position. It is possible that the glutei acting together help in 
raising the body to the semi-erect position and that they may aid in 
maintaining the balance of the animal once that position has been 
assumed. They could function in this way only so long as the angle 
between the ilium and the femur remained great enough to keep them 
tense, however. From such an action of the glutei we would have a 
partial explanation for the fact that Hylobates is a better bipedal walker 
than the other anthropoids since the area for insertion of this muscle 
on its pelvis is absolutely greater than in the others. 

The gluteal plane with its muscles, then, fulfills the postural re¬ 
quirements of upright sitting and of the semi-erect standing position. 
The function of rotation is not so well cared for, but in these brachiating 
forms rotation of the body occurs through action of the shoulder and 
trunk muscles. The suspending arms furnish the support about which 
the body turns rather than the hind legs as in the leaping and running 
quadrupeds. 

The gluteal plane of man (Plate XXII, E) is like that of the brachiat¬ 
ing anthropoids in respect to its great breadth through the region of the 
anterior superior spine. In its orientation, however, it is different. The 
extensive development of the iliac fossa and growth of the bone back¬ 
wards from the spina limitans has caused the gluteal plane to curve so 
that the most anterior point of origin of the gluteus medius is much 
further removed from the posterior point than is the case in the anthro¬ 
poids. Thus the plane as a whole faces rather more laterally than the 
anthropoid plane. Since the thigh is held parallel to the longitudinal 
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axis of the vertebral column and since the insertion of the gluteus medius 
remains on the lateral surface of the great trochanter the chief move¬ 
ment caused by this muscle is abduction. The anterior fibers may cause 
some lateral rotation of the pelvis, the posterior fibers some medial ro¬ 
tation. The gluteus minimus has a similar action. These two muscles 
help to keep the center of gravity over the supporting foot as man walks. 

The Iliac Plane 

Changes in the iliac plane go hand in hand with the changes in the 
gluteal plane which have already been described. The plane is narrow 
and ventrally directed in Lemur (Fig. 1A), the margo acetabuli sharply 
marked. In Galago and Perodidicus (Fig. 2 A, C) a portion of the plane 
is visible from the side, the margo acetabuli faintly indicated. As the 
dorsally directed portion of the gluteal plane increases in breadth in the 
monkeys, apes, and man, the iliac plane must of necessity increase in the 
same manner, it being merely the ventral surface of that portion of the 
bone. Since the iliacus muscle which arises from this plane is never as 
powerful as the gluteus medius, its origin being only from bone and not 
from bone plus investing fascia, it is believed that changes in this portion 
of the ilium are adaptations not to the action of this muscle but rather 
to the action of the gluteus medius. To be sure, the iliacus muscles have 
been looked upon as opponents of the glutei in the maintenance of 
balance in the squatting position and they are admirably placed for that 
purpose, but they are not the only muscles which could help to pull the 
trunk forward from the hips if there were danger of a backward fall. 
The psoas major attached at one end to the lesser trochanter and at the 
other to the bodies of the lumbar and last thoracic vertebrae could help 
in this movement. The glutei, however, are the only muscles on the 
posterior surface of the joint which are favorably placed for holding the 
pelvis upright when the animal squats, 

In Lasiopyga and Papio the plane faces more medially than in 
Macacus or Cebus. This change in direction is believed to be correlated 
with the change in function of the gluteus medius in these two forms. 

The iliac fossa, so striking a feature of the pelvis of man, is not 
present at all in the monkeys. It is indicated in Hylobates and more 
strongly developed in the.other anthropoids, particularly the gorilla. 
But in none of these forms is it as prominent a feature as in man. Whether 
or not its development is dependent upon the pull of the abdominal 
muscles and the counteraction of the viscera as Knauer supposed, the 
consequences of its development in relation to muscular action are im- 
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portant. The curvature of the bone causes an increase in area for the 
glutei and iliacus, helps to make possible a change in function for the 
glutei, and makes the iliac crest longer and curved so that the muscles 
arising from it may act as balancers of the upright trunk. 

The Sacral and Postgluteal Planes 

The sacral plane (Fig. 1) of primates comprises two parts which in 
most cases are bent at an angle to each other. The upper part includes 
the iliac tuberosity and the auricular surface. The lower forms part of the 
lateral wall of the small pelvis. The muscles arising from the lower 
portion, namely, the obturator internus and the ilio-coccygeus, are small 
and weak. Its form is believed to be dependent*upon a combination of 
mechanical and obstetrical conditions. The width of the sacrum is 
obviously dependent upon mechanical conditions. The vertebral centra 
must be wide enough to form a supporting column for the trunk in the 
various positions which the animal assumes. The distance across the 
small pelvis between acetabula is a function not only of the locomotor 
needs but also of the obstetrical. There must be a sufficiently wide base 
of support for the animal and there must be a sufficiently wide pelvic 
outlet. Since the lower sacral plane forms one surface of the bridge 
between the acetabulum and the auricular surface, its length and degree 
of curvature is determined by its relation to the size of the pelvic outlet, 
and by its weight transmitting function. Limitation of material did not 
permit an analysis of these factors. 

Changes in the upper portion of the sacral plane are correlated more 
directly with changes in the musculature than is the case in the lower 
sacral plane. Since the evolution of the iliac tuberosity is connected 
with the history of the erectors of the spine and since these muscles 
involve also the postgluteal planes and the dorsal surface of the sacrum, 
it is thought best to review all of these bony surfaces together. 

The iliac tuberosity and crest of the lemur give rise to fibers of the 
erector spinae, the postgluteal plane to the abductor caudae externus, and 
the dorsal surface of the sacrum to the levator caudae internus, levator 
caudae externus, and to the multifidus spinae. The detailed origin and 
insertion of these muscles follows: 

Erector Spin,® (Fig. 1A, e) 

Origin.-—From the iliac tuberosity, the crest of the ilium above it, 
and from the deep layer of the lumbo-dorsal fascia. 

Insertion.—Anapophyses and transverse processes of the lumbar 
vertebrae. In the upper lumbar region the muscle separates into two 
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divisions: one, the longissimus, attaching to the transverse processes of 
the thoracic vertebrae; the other, the iliocostalis, attaching to the 
posterior borders of the ribs. 

Abductor Caudle Externus (Fig. 2F, ace) 

Origin.—Postgluteal plane and lateral edge of posterior surface of 
the sacrum. 

Insertion.—Transverse processes of first and second caudal 
vertebrae. 

Levator Caudle Externus (Fig. 2F, Ice) 

Origin.—Dorso-medial edge of the transverse processes of the last 
five lumbar vertebrae, the dorsal surface of the sacrum between the ilio- 
sacral joint and the articular processes. 

Insertion.—Caudal metapophyses. 

Levator Caudle Internus (Fig. 2F, lei) 

Origin.—From the spines of the sacral and caudal vertebrae. 

Insertion.—Caudal metapophyses. 

Multifidus (Fig. 2F, m) 

Origin.—All along the precaudal spine from the metapophyses of 
the vertebrae. 

Insertion.—Each fasciculus is inserted into the spinous process of a 
vertebra anterior to the vertebra of origin. 

The sacro-iliac joint of the lemur occupies approximately the middle 
region of the space between the acetabulum and the anterior edge of the 
iliac blade so that the iliac tuberosity is almost as long as the postsacral 
portion of the blade. The anterior edge of the ilium lies opposite the 
transverse process of the next to the last lumbar vertebra. The outward 
flaring of the ilium at its anterior end, already noted under the discus¬ 
sion of the gluteal plane, causes the iliac tuberosities to diverge from 
the mid-line. The muscle fibers arising from the tuberosity are inserted 
chiefly on the transverse processes of the last three lumbar vertebrae. 
They are so placed, then, that those of one side acting alone can aid the 
gluteus medius in the quick turning of the body so necessary in an 
arboreal leaper. Those of the two sides acting together can help to lift 
the trunk. 

The margo ischiadicus is well marked, it being the edge between the 
powerful erector spinae and the well-developed abductor caudae externus. 

In Galago the iliac tuberosity is relatively shorter than in Lemur , 
the area for the insertion of the erector spinae, relatively smaller. This 
reduction in area is due to the more forward placement of the sacro¬ 
iliac joint in Galago (Fig. 2B), not to an increase in the antero-posterior 
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extent of that joint. The possibility for decrease in size of the erector 
spinse in Galago as compared with Lemur may be explained on the same 
basis as the relative decrease in the gluteus medius, namely, the more 
posterior location of the center of gravity of the body and the greater 
length of the pelvic lever. The margo ischiadicus is not as sharply marked 
in Galago as in Lemur , not only because of the reduction of the erector 
spinse, but also because of the fact that the abductor caudse externus is 
somewhat reduced, the tail being relatively much more slender in Galago. 

The iliac tuberosity of the sluggish Perodicticus is even more reduced, 
the sacro-iliac joint having so increased its antero-posterior extent that it 
almost reaches the cranial end of the blade (Fig. 2D). The transverse 
processes of the lumbar vertebrse lie entirely in front of the anterior end 
of the blade. The small erector spinse is sufficiently powerful for an 
animal which never leaps, sits, or stands upright. The tail is very short 
and slender. In connection with this fact, we note the disappearance of 
the abductor caudse externus, the levator caudse externus, the conse¬ 
quent disappearance of the postgluteal plane, and the narrowing of the 
sacrum. The levator caudse internus spreads oyer the dorsal surface of 
the narrow sacrum. 

An increase both in the antero-posterior and transverse extent of 
the sacro-iliac joint of Cebus (Fig. IB) strengthens it against the stresses 
to which it is subjected when the animal sits upright or hangs by its tail. 
The erector spinse is relatively smaller than in the lemur but it is more 
advantageously placed for extension of the spine. Measurement of the 
angle between the horizontal line connecting the posterior superior spine 
and a dorso-ventral line across the surface of origin of the erector spinse 
proved that the area in Cebus faces rather more ventrally than the similar 
area in Lemur. This, in connection with the fact that the tuberosities 
diverge less and that the transverse processes of the lumbar vertebrse 
in Cebus are wider than in Lemur , enables the muscle fibers to run from 
the ilium directly forward and downward upon the transverse processes. 
Thus, they are in a position to exert a direct backward and upward pull. 
This again would be of advantage in the maintenance of the semi¬ 
upright position in sitting. 

Ventral views of the pelves of Lemur and Cebus (Fig. 1A, B) show 
that in Cebus the wings of the sacrum have extended anteriorly on the 
iliac tuberosity. The insertion of the quadratus lumborum has been 
shifted anteriorly. 

The iliac tuberosity in Alouatta is extremely reduced owing to the 
encroachment of the sacro-iliac* joint. The lumbar vertebrae are entirely 
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in front of the blade. The erector spinae is small as might be expected in 
this sluggish creature. There is no sharp edge between the iliac tuberosity 
and the postgluteal plane. The latter is small but the broadening of the 
sacrum and increase in its bony surface due to the fusion of the trans¬ 
verse processes of the sacral vertebrae has given a large area for the abduc¬ 
tor caudae externus as well as for the tail muscles. The spines of the 
sacral vertebrae are fused into a crest which gives firm origin to the 
levator caudae intemus. All these modifications in the sacrum are cor¬ 
related with the importance of the prehensile tail in the locomotion of the 
animal. Similar but not as extreme modifications in the sacrum are 
indicated in Cebus. 

In the Old World monkeys studied, the iliac tuberosities have the 
orientation that one might expect in quadrupeds adapted for upright 
sitting. That is, they face ventro-medially, as in Cebus. One erector 
spinae acting alone could aid in the rotation of the body from the hips, 
a necessary movement in a quadruped, and the tw;o together could help 
to lift the trunk and to keep it upright. It is interesting that in Lasiopyga 
and Papio we find again evidences of their peculiar life habits. In both 
of these forms the antero-posterior extent of the iliac tuberosity is 
relatively greater than in Macacus and the iliac tuberosities diverge more 
so that the surface of origin of the erector spinae is brought more to one 
side of the transverse processes. These modifications favor the lateral 
rotation of the spine which must characterize an arboreal leaper and a 
swift-moving ground runner. 

All of these Old World forms possess a well-defined postgluteal 
plane (Fig. 4C) which gives rise to the abductor caudae externus and in 
all the dorsal surface of the sacrum gives rise to the tail muscles. The 
quadratus lumborum occupies the portion of the linea limitans anterior 
to the sacrum. 

The iliac tuberosity of the anthropoids is very small. It does not 
give rise to muscle fibers as is the case in the monkeys but is roughened 
for the attachment of the heavy ligaments of the sacro-iliac joint. The 
crest above it, however, is greatly broadened in comparison with the 
crest of the monkeys and it gives rise to the erector spinae. This portion 
of the crest is relatively very much shorter than the similar region in the 
lower primates but increased surface for the erectors of the spine is 
gained through an extension of their origin laterally onto the region 
of the crest beyond the spina limitans (Fig. 5) and through the disappear¬ 
ance of the tail muscles from the postgluteal plane and the dorsal surface 
of the sacrum. The multifidus extends its area of origin over the whole 
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dorsal surface of the sacrum and the postgluteal plane (Plate XXII, 
A, B, C, D), the region occupied in the lemurs and monkeys (Figs. 2,3, 4) 
by the levator caudse externus and the abductor caudse externus. The 
absolute increase in the area of origin of this muscle gives it added power 
as an erector of the spine. 

The history of the muscles on the iliac crest will be reviewed in the 
next section. 

The small tuberosities of the gibbon and the chimpanzee face ventro- 
medially, that of the chimpanzee rather more ventrally than that of the 
gibbon. The distance between the posterior superior spine and the spina 
limitans is very short. 

The very small tuberosity of the orang faces almost directly ventrally 
so that there is no sharp bend between it and the iliac plane. As a result 
the line of the iliac crest (Fig. 5C) from posterior superior spine to 
anterior superior spine is almost straight. 

The tuberosity of the gorilla is a very small surface opposite the 
transverse processes of the last lumbar vertebrae. The angle at the spina 
limitans has been obliterated. The crest (Fig. 5D), then, would be 
straight if it were not for the development of the iliac fossa. 

In man the iliac tuberosity is large, again, owing to a growth back¬ 
ward of the iliac blade from the spina limitans along the lateral surface 
of the sacrum. This backward growth of the tuberosity is necessitated 
by the characteristic tilting of the human sacrum. 

The greatest extent of the auricular surface is along its antero¬ 
posterior axis (dorso-ventral axis of the quadrupeds) rather than along 
the superior-inferior axis as in the brachiators. Extension of the joint 
surface in the new direction is a provision for strength against the 
downwardly directly forces of the upright trunk. The wedge-like shape 
of the sacrum, another provision for strength, makes the posterior 
parts of the tuberosities and crests converge. The backward growth of 
the bone causes the deepening of the greater sciatic notch. The post¬ 
gluteal plane loses its identity in the portion of the bone which is new in 
man. With its disappearance the multifidus is almost entirely removed 
from the ilium, a mere portion of it arising from the inner surface of the 
posterior superior spine. 

The Iliac Crest 

The iliac crest of man is the broad superior margin which extends 
from the posterior superior spine to the anterior superior spine connecting 
the margo ischiadicus with the margo acetabuli. In the lower primates 
there is an homologous crest, the dorsal and ventral limits of which may 





Fig. 5. Diagrams of the iliac crest in the anthropoids and man. 

A, Hylobates (adult); B, Pan (juv.); C, Pongo (juv.); D, Gorilla (juv.); E, Homo (after Cunning¬ 
ham). 
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be called, respectively, the posterior and anterior superior spines. As far 
as osteological relationships are concerned, these two spines are 
homologus throughout the series; the posterior always marking the 
turning point between the margo ischiadicus and the iliac crest; the 
anterior, the turning point between the margo acetabuli and the iliac 
crest. In respect to their relationships to muscles, however, the spines 
are not homologous. 

There are two main portions to the iliac crest, one which lies above 
the iliac tuberosity and separates it from the gluteal plane and another 
which forms the upper edge between the gluteal and iliac planes. The 
following table shows the relation in percentage of the length of each of 
these parts to the total length of the crest. 

I II III 

Length from Posterior Length from Spina Total IIXI00 

Animal Superior Spine to Limitans to An- Length III 

Spina Limitans terior Superior Spine 


Lemur 

2.6 

.3 

2.9 

10 

Cebus 

2.5 

.5 

3.0 

17 

Alouatta 

1.8 

2.2 

4.0 

55 

Macacus 

3.1 

2.1 

5.2 

40 

Papio 

5.7 

2.7 

8.4 

32 

Hylobates 

2.5 

5.0 

7.5 

66 

Pongo 

3.2 

11.6 

14.8 

71 

Pan 

2.8 

13.5 

16.3 

82 

Gorilla 

2.0 

18.0 

20.0 

90 

Homo 

9.0 

17.0 

26.0 

65 


Changes in the iliac crest are correlated with changes in the margo 
acetabuli and margo ischiadicus. The margo ischiadicus has been re¬ 
viewed in connection with the postgluteal plane and the iliac tuberosity. 
The crest and the margo acetabuli of the lemur give rise either directly 
through fibers or indirectly through fascia to the following muscles: 
Erector Spiile. —Origin and insertion given above. 

Internal Oblique Abdominis 

Origin.—From the transverse processes of the lumbar vertebrae 
through the lumbo-dorsal fascia, from the posterior borders of the 
cartilages of the last three or four ribs, from the iliac crest beyond the 
iliac tuberosity, from the ligament between the anterior superior spine 
and anterior inferior spine as far down as the posterior half of the origin 
of the sartorius muscle and from the crural arches. 

The crural arches are delicate ligamentous arches giving exit to the 
ilio-psoas muscle, the femoral vessels, and the spermatic cord. The 
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lateral arch really represents the line of union of the fascia iliaca with the 
fascial lining of the abdominal cavity. 

Insertion.—Linea alba and anterior margin of pubis. 

Sartorius (Fig. 2E, s) 

Origin.—From the anterior inferior iliac spine and from the posterior 
half of the ligament which unites the anterior inferior to the anterior 
superior spine. 

Insertion.—Anterior crest of the tibia above the insertion of the 
gracilis. 

Rectus Femoris (Fig. 2E, r) 

Origin.—Anterior inferior spine. 

Insertion.—Anterior margin of the patella. 

Gluteus Maximus, Gluteus Medius, Gluteus Minimus. 

Origin and insertion given under discussion of the gluteal plane. 

Latissimus Dorsi 

Origin.—Through the lumbo-dorsal fascia from the portion of the 
crest above the iliac tuberosity. 

Insertion.—Anterior surface of humerus. 

The same muscles are attached to the iliac crest and margo acetab- 
uli in Perodidicus and Galago. The crest, however, has only one part 
since the spina limitans and spina anterior superior fall together. The 
prominence of the inferior spines of Galago and Lemur is due to the strong 
pull of the rectus femoris, a powerful leaping muscle; the prominence of 
the anterior superior spines to the action of those fibers of the gluteus 
maximus which extend from it to the third trochanter. 

Because of the broadening of the gluteal plane in the South American 
monkeys the portion of the crest beyond the spina limitans is relatively 
greater than in Lemur , and the margo acetabuli has become straight. 
Neither the anterior superior nor inferior spines are emphasized in these 
forms, both having become incorporated, as it were, into the straight line 
of the margo acetabuli. In connection with their lack of prominence it 
should be noted also that the muscular pulls upon them are relatively 
weaker, the gluteus maximus having lost its fibrous attachment to the 
anterior superior spine and the rectus femoris being relatively reduced 
in these non-leaping forms. With a few exceptions the muscle connec¬ 
tions are the same as in the lemur. The internal oblique arises directly 
by muscle fibers from the margo acetabuli from the anterior superior 
spine to the upper limit of the origin of the sartorius muscle. Beyond 
that the origin is through an aponeurosis to the point at the posterior 
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end of the sartorius origin where the crural arches begin. The trans- 
versus abdominis of Cebus has gained an attachment to the crest beyond 
the iliac tuberosity. The sartorius has shifted anteriorly so that there 
is an interval between its origin and that of the rectus femoris. 

The crest and margo acetabuli of the Old World monkeys present no 
stnking changes. The larger proportion of the crest is that above the 
iliac tuberosity as in the other arboreal quadrupeds. Neither the superior 
spine nor the inferior are much emphasized. The relation of muscles to 
crest and margo acetabuli is almost exactly like that in Cebus. The 
fibrous attachment of the internal oblique extends to the upper limit of 
the sartorius. To that region of the blade the lateral crural arch finds 
attachment and from the arch arise some fibers of the internal oblique. 
In none of these forms does the external oblique have attachment to the 
margo acetabuli. The fascia with which it is continuous laterally, how¬ 
ever, is inserted along the blade as far as the region of the crural arches. 
Then it arches over the iliopsoas and femoral muscles to a medial inser¬ 
tion on the pubis. Where it spans the iliacus it becomes continuous with 
the fascia of the thigh. 

Evidence of adaptation to brachiating habits is revealed in the 
crest (Fig. 5) and margo acetabuli (Plate XXII) of the anthropoids. 
In these forms it is the portion of the crest beyond the spina limitans 
which has the greatest length. The work on the gluteal plane, already 
referred to, has shown that the broadening of the iliac blade as measured 
through the region of the anterior superior spine is in excess of simple 
mass requirements. It will be shown that the long crest between the 
anterior superior spine and the spina limitans gives rise to muscles 
which help to support the weight of the pelvis and lower limbs as the 
animals swing through the trees supported by their arms. 

The crest of Hylobates (Fig. 5A) is divided into a short thick part 
above the iliac tuberosity, a broad part extending from the spina limitans 
to the highest point of the iliac blade and a thin edge curving abruptly 
from the highest point to the anterior superior spine. The erector spinse 
extends along the thickened part from the posterior superior spine almost 
to the highest point. The extension of the area beyond the spina limitans 
is correlated with the widening of the thoracic basket and the brachiating 
habits of the animal. It places the erector spinse in a favorable position 
for lifting the wide trunk and enables it to help in supporting the weight 
of the pelvis when the animal is hanging from its arms. 

The latissimus dorsi has a fibrous attachment to the crest from the 
region of the spina limitans to the highest point. This is external to the 
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erector spinae. Internal to it is the insertion of the quadratus lumborum 
which extends from the spina limitans to the highest point. The crest 
beyond the highest point gives rise to the abdominal muscles, the external 
oblique abdominis along the outer edge, the transversus along the inner 
edge and the internal oblique in the interval between them. Two new 
muscles, then, have gained a fibrous attachment to the crest ; the latis- 
simus dorsi and the quadratus lumborum, and the abdominal muscles 
have a much longer attachment to the crest than in the arboreal quad¬ 
rupeds. Both the latissimus and the quadratus are so placed that they 
can aid the erector spinae in supporting the pelvis whenever the animal 
is suspended by its arms. The fibers of the external and internal oblique 
can assist in this task since they ascend almost vertically from the crest 
to the ribs above. It is believed that the prominence of the anterior 
superior spine of Hylobates is due in part to the fact that the fibers of the 
abdominal muscles inserted above it frequently exert a pull in a vertical 
direction, while the fibers of the abdominal muscles below it exert a 
pull in a horizontal direction from the margo acetabuli to the linea alba 
or from the margo acetabuli to the pubis. 

The margo acetabuli, while not so long in proportion to the total 
length of the blade as in the monkeys, has still practically the same rela¬ 
tionship to muscles. The transversus, however, as well as the internal 
oblique, has now a fibrous attachment to the margo acetabuli, its lower 
portion being more strongly developed than in the monkeys. It arises 
directly by fibers from the anterior superior spine almost to the region 
of the sartorius, then by tendinous fibers to the upper limit of the sartorius. 
It then arches over the iliopsoas in common with the internal oblique. 

The crest of Pan (Fig. 5B) is relatively broader than that of Hylo¬ 
bates. It is thick along its whole extent. From the posterior superior 
spine it runs to a highest point in the middle of its extent and then 
descends in a gentle curve to the anterior superior spine. The portion 
lateral to the highest point is more nearly horizontal than the same region 
in Hylobates. As a result of the proportionately greater broadening of 
the upper part of the iliac blade the margo acetabuli is concave (Plate 
XXII, B), and the anterior superior spine more conspicuous than in 
Hylobates. The erector spinae extends from the posterior superior spine 
to the highest point. The latissimus dorsi has a broader area of origin 
than in Hylobates since it extends from the highest point to the anterior 
superior spine, taking up one-half of the entire crest. The quadratus 
lumborum is relatively broader also since it extends from the spina 
limitans halfway to the anterior superior spine. 
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The external oblique abdominis has been crowded from the blade 
by the latissimus dorsi. It is attached by a few fibers only to the 
anterior superior spine. The internal oblique extends as in Hylobates 
from the highest point of the blade to the anterior superior spine and the 
transversalis from the lateral limits of the quadratus lumborum to the 
anterior superior spine. The extension of the crest laterally gives, then, 
greater surface for the suspending muscles in the heavier brachiating 
form. 

The relationship of muscles to the margo acetabulihas not changed, 
except that they are attached through a ligament extending from the 
anterior superior spine to the anterior inferior spine. 

In the orang the crest (Fig. 5C) is almost straight, owing to the large 
angle between the sacral and iliac planes, and the portion beyond the 
spina limitans is very great. The erector spinse extends from the pos¬ 
terior superior spine to the highest point of the blade. The latissimus 
dorsi is the thick heavy muscle that one might expect in this heavy¬ 
bodied creature which is second only to the gibbon in its brachiating 
ability. It extends along the lateral lip of the iliac crest taking up about 
three-fourths of its length through the central region. It is separated 
by a short interval from both the posterior and anterior spines. The ex¬ 
ternal oblique extends along the lateral lip of the crest from the lateral 
limit of the latissimus dorsi to the anterior superior spine, the internal 
oblique along the medial lip lateral to the erector spinae. The muscular 
relationships at the anterior superior spine are more manlike than in the 
monkeys or apes previously discussed. The sartorius muscle, which, in the 
monkeys, Hylobates and Pan , was to be found either in the middle region 
of the margo acetabuli or just anterior to the rectus femoris now arises 
from the spine and the notch immediately below it (Plate XXII). A 
true Poupart’s ligament was not discovered in the form dissected but 
there was no attachment of the abdominal muscles to the margo acetab¬ 
uli. From the distal end of the attachment of the internal oblique to 
the crest there was a ligamentous arch over the iliopsoas muscle, an arch 
which attached to the pubis medially. This arch was formed by the 
union of the fascia iliaca with the fascia transversalis. Fibers of the 
internal oblique arose from it. 

The crest of the gorilla is relatively longer than that of the orang. 
The increase in length is gained partly as a result of the broadening of 
the anterior end of the iliac blade, partly as a result of an increase in the 
antero-posterior distance between the highest point of the blade and the 
anterior superio!* spine. The downward growth of the anterior superior 
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spine has of necessity shortened the straight line distance along the margo 
acetabuli (Plate XXII, D). The anterior superior spine is truly homol¬ 
ogous to that of man both in its osteological relationships and in its 
relations to muscles. There is a true Poupart’s ligament attached at one 
end to the anterior superior spine and at the othfcr to the anterior edge 
of the pubis. The fibers of the internal oblique are attached to the outer 
two-thirds of this ligament as are the fibers of the transversalis. The 
sartorius has an attachment to the anterior superior spine. The arrange¬ 
ment of muscle fibers on the crest (Fig. 5D) is essentially like that in the 
orang, except that the latissimus dorsi does not have as broad a fibrous 
attachment. 

The iliac crest of man, although modified to serve the requirements 
of a bipedal walker, yet bears unmistakable traces of its derivation from 
anthropoid ancestors. The great breadth between the spina limitans and 
the anterior superior spine may be looked upon as a heritage from a 
brachiating ancestry, and from whom should man derive the arrangement 
of the muscles on his iliac crest (Fig. 5E) but from brachiators? To be 
sure, the crest of man is specialized. It has a distinct S-shape owing to 
the great development of the iliac fossa and to the distinct growth back¬ 
wards from the region of the spina limitans, already noted under the 
discussion of the sacral plane. 

The widening of the sacrum has brought the spina limitans under 
the angles of the lower ribs. The erector spinae, then, finds a favorable 
and sufficient surface of origin between the posterior superior spine and 
the spina limitans and does not extend beyond it. The extension of the 
crest posterior to the sacro-lumbar articulation permits the fibers of the 
erector spinae to act with greater power in the extension of the spine 
upon the pelvic base than is possible in the anthropoids where the origin 
and insertion of these fibers lies more nearly in the same vertical 
plane. 

To the outer lip of the posterior part of the crest, a part which is 
non-existent in the lower primates, the gluteus maximus has a fibrous 
attachment. The new and firm attachment to the ilium, taken in con¬ 
nection with an origin from the side of the sacrum, enables this muscle 
to act with power in lifting the trunk from the stooping position. In the 
monkeys and anthropoids it is an abductor and relatively much weaker. 
The quadratus lumborum and latissimus dorsi take up a small portion of 
the crest beyond the spina limitans, but their extent is relatively less 
than in the brachiating anthropoids. Beyond them are the abdominal 
muscles, the three being practically equal in extent along the crest. The 
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curve of the crest, due to the formation of the iliac fossa, brings the fibers 
of the external and internal oblique into such a relation to the ribs above 
them that they can act as lateral flexors of the trunk, and so these two 
muscles can help to balance the trunk of man as he walks. 

The crest of bipedal man, then, gives extensive surface to the balanc¬ 
ing muscles of the trunk, the erector spinae and the abdominal muscles. 
The crest of the heavy brachiating anthropoids gives more surface to the 
powerful latissimus dorsi, and the quadratus lumborum. Yet, in spite 
of these differences, there is a fundamental similarity of plan in the 
arrangement of the muscles on the crest. 

The arrangement of the muscles on the crest of man, as may be seen 
from the diagram (Fig. 5E), is very like that in Hylobates (Fig. 5A), 
but the arrangement around the anterior superior spine and the margo 
acetabuli is more like that in the orang and gorilla, particularly like that 
in the gorilla. This last fact, taken in connection with the length of the 
crest, suggests the presence of heavy brachiating forms among the 
ancestors of man. The reduction in extent of the latissimus in man 
would then be looked upon as a secondary change. It seems reasonable 
to regard it in this light, since in the gorilla, the poorest climber, the 
fibrous extent of the latissimus is not so great as in the other heavy¬ 
bodied brachiators, the orang and the chimpanzee. 

The anterior inferior spine of man is much more strongly developed 
than that of the anthropoids. As Weidenreich has suggested, this is 
correlated with the importance of the rectus femoris and ilio-femoral 
ligament in the maintenance of balance in the upright position of the 
body. 


THE ISCHIUM 

The Length of the Ischium 

The length of the ischium, as measured from the center of the, 
acetabulum to the most posterior point, may be taken as a rough estimate 
of the lever arm of the hamstring muscles. It was thought desirable to 
determine for the ischium, as for the ilium, the relation in percentage of 
this length to the length of the body as a whole and to the distance of the 
center of gravity from the center of the acetabulum. The first two tables 
following give these figures. The third gives ilio-innominate and ischio- 
innominate indices. 
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Length of Ischium in Relation to Length of Body 



I 

II 



Length of 

Length of 

IIX too 

Animal 

Body 

Ischium 

I 

Cat 

33 

2.5 

7.6 

Lemur , No. 755 

27 

1.8 

7.0 

Lemur 

34 

2.2 

6.5 

Perodicticus 

26 

1.8 

7.0 

Galago 

12 

.9 

8.0 

Cebus, No. 5 $3 

31 

2.5 

8.0 

Cebus 

30 

2.1 

7.0 

Alouatta, No. 557 

37.5 

2.5 

6.4 

Macacus, No. 1046 

36.0 

4.1 

11.3 

Lasiopyga, No. 585 

34.0 

3.4 

10.0 

Lasiopyga 

42.0 

4.3 

10.0 

Papio hamadryas, No. 632 

53.0 

6.0 

11.0 

Papio hamadryas 

54.0 

6.2 

11.0 

Hylobates, No. 651 

29.0 

2.2 

8.0 

Hylobates 

37.5 

2.7 

7.0 

Pan, No. 531 

48.0 

5.4 

11.0 

Pongo 

63.0 

7.0 

11.0 

Gorilla 

54.0 

6.5 

12.0 

Homo 

72.5 

6.0 

8.0 


Length of Ischium in Relation to Position of Center of Gravity 


Animal 

I 

Length 
of Body 

II 

Distance of 
Center of 
Gravity from 
Acetabulum 

IIX100 

I 

III 

Length of 
Ischium 

m 

II 

Cat 

33 

14 

42 

2.5 

18 

Lemur , No. 755 

27 

9 

33 

1.8 

20 

Cebus, No. 583 

31 

12.0 

38 

2.5 

21 

Alouatta , No. 557 

32.5 

12.5 

38 

2.5 

20 

Macacus, No. 1046 

36 

17 

47 

4.1 

24 

Lasiopyga, No. 585 

34 

14.5 

43 

3.4 

23 

Papio, No. 632 

53 

24 

45 

6.0 

25 

Pan, No. 531 

48 

18 

37 

5.4 

30 

Pongo 

63 

28 

44 

7.0 

25 
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Ilio-innominate and Ischio-innominate Indices 



Greatest 



Ilio- 

Ischio- 

Animal 

Length of 

Length of 

Length of 

innom¬ 

innom¬ 


Innominate 

Ilium 

Ischium 

inate 

inate 


Bone 



Index 

Index 

Cat 

6.5 

4.0 

2.5 

61 

38 

Lemur , No. 755 

6.0 

4.2 

1.8 

70 

30 

Lemur 

8.0 

5.8 

2.2 

72 

28 

Perodicticus 

6.7 

4.9 

1.8 

73 

27 

Galago 

3.5 

2.6 

.9 

74 

26 

CebuSy No. 583 

8.6 

6.1 

2.5 

71 

29 

Cebus 

7.7 

5.6 

2.1 

72 

28 

Alouatta 

9.6 

7.1 

2.5 

73 

24 

Macacus 

11.8 

7.7 

4.1 

65 

35 

Lasiopyga 

9.4 

6.0 

3.4 

64 

36 

Lasiopyga 

12.0 

7.7 

4.3 

64 

36 

Papio 

17.0 

11.0 

7.0 

65 

35 

Papio 

17.3 

11.1 

6.2 

64 

36 

Hylobates 

9.2 

7.0 

2.2 

76 

24 

Hylobates 

11.9 

9.2 

2.7 

77 

23 

Pan 

17.0 

11.6 

5.4 

68 

32 

Pongo 

22.5 

15.5 

7.0 

69 

31 

Gorilla 

22.0 

15.5 

6.5 

70 

30 

Homo 

17.9 

11.9 

6.0 

66 

34 


• The tables show that the mechanical advantage of the lever con¬ 
cerned in the lifting of the trunk through the power of the hamstrings 
is slightly greater in the Primates than in the non-arboreal cat and that 
it is greater in the Old World monkeys and the heavy anthropoids than in 
Lemur and the South American monkeys. 

The increased mechanical advantage of the lever in the lemur over 
that in the cat is due to the closer proximity of the center of gravity of 
the body to the center of the acetabulum. The increased advantage in 
the Old World monkeys and heavy anthropoids is due to the greater 
length of the ischium. The ischium is relatively short in Hylobates 
and in man. It was impossible to determine the position of the center 
of gravity for these last two forms. For man, however, as pointed out 
under the discussion of the ilium, it is evident that the center of gravity 
would be relatively closer to the acetabulum than in the anthropoids, 
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owing to the greater length and weight of the legs. The decreased ham¬ 
string lever arm may not, then, mean decreased mechanical advantage 
and it does make possible speed of movement. It is interesting that in 
the best bipedal walker among the anthropoids, the gibbon, the lever 
arm of the hamstrings should be correspondingly short. 

The increase in the ilio-innominate index of the lemur as compared 
with that of the cat is due to the greater length of the ilium. In Perodic - 
ticus and Galago the still greater increase in the length of the ilium ac¬ 
counts for the higher ilio-innominate index. The decrease in the index 
of the Old World monkeys is due, not to a shortening of the ilium, since 
that has been shown to increase in relation to the body length, but to an 
increase in the length of the ischium. Hylobates has a very high index 
owing to the proportionately greater lengthening of the ilium. The 
heavy anthropoids show indices much like those of the lemur and South 
American monkeys, although neither the ilium nor ischium is similarly 
related to the length of the body. The ischium is like that of the Old 
World monkeys in its relation to body length, while the ilium is longer. 
In man, the ilio-innominate and ischio-innominate indices are much 
like those in the Old World monkeys, although both ilium and ischium are 
proportionately shorter. 

The Ischium in Relation to its Musculature 

The ischium of the lemur, like that of all primates, is divisible into 
a thick portion, the body, the cranial end of which forms part of the 
acetabulum, a rough thickening, the tuberosity, and a thin part, the 
ramus, which passes inward and upward from the body and tuberosity 
to its articulation with the pubis. 

The following muscles have an attachment (Fig. 2E) to the ischium 
of the lemur. 

Adductor Magnus (has two portions) (am) 

Origin of superficial portion.—From posterior part of symphysis 
pubis. 

Origin of deep portion.—Anterior margin of pubic arch. 

Insertion.—Linea aspera internal to the gluteus maximus. 

Biceps Femoris (bi) 

Origin.—In common with the semitendinosus from the anterior 
part of the tuberosity of the ischium. 

Insertion.—Through an aponeurosis into the lateral margin of the 
patella, the external tuberosity of the tibia, and the external border of 
the anterior crest of the tibia through its proximal two-thirds. 
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Semitendinosus (st) 

Origin.—From the tuberosity of the ischium in common with the 
biceps. 

Insertion.—In common with the gracilis into the anterior tibial 
crest. 

Semimembranosus ( sm ) 

Origin.—From the tuberosity of the ischium posterior to the origin 
of the biceps and semitendinosus. 

Insertion.—Medial surface of medial condyle of tibia. 

Quadratus Femoris ( qf ) 

Origin.—From the surface of the ischium cranial to the origin of the 
biceps and semitendinosus. 

Insertion.—Posterior surface of the femur between attachment of 
gluteus maximus and adductors, from the region of the third trochanter 
to the upper limit of the adductor magnus. 

Obturator Externuus ( oe ) 

Origin.—From the obturator membrane and the portions of the 
rami of the pubis and the ramus of the ischium which are adjacent to it. 

Insertion.—Trochanteric fossa. 

ISCHIOCOCCYGEU S (iSc) 

Origin.—Ischial spine and internal surface of the ischium im¬ 
mediately anterior and posterior to it. 

Insertion.—Transverse processes of the first four caudal vertebrae. 
Gemelli (not differentiated) (gem) 

Origin.—From external surface of the body of the ischium between 
the ischial spine and ischial tuberosity. 

Insertion.—In common with the obturator internus into the 
trochanteric fossa above the insertion of the obturator externus. 

The shape of the body of the ischium is determined not so much by 
the muscles attached to it as by its function in support. In the 
Lemuroidea it is relatively smaller than in upright sitting forms in which 
it must resist the weight of the trunk. 

The ischial tuberosity in the Lemuroidea is unexpanded as in quad¬ 
rupeds which do not sit upright. 

The build of the ischial ramus is more directly related to the 
muscular action. It is more slender in Lemur in which the adductor 
magnus does not extend along its whole length than in the monkeys in 
which it does. 

An examination of the pelvis (Fig. 2A) and femur of Galago reveals 
an arrangement of muscles and a bony construction very similar to that 
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in Lemur . There are, to be sure, minor differences, a slightly wider 
ischial ramus and a less extensive insertion on the femur for the quad- 
ratus femoris. Perodicticus (Fig. 2C) is very specialized in the length of 
the ischial ramus. It is difficult to find anything in the locomotor habits 
of the animal to account for'its great elongation. It is possible that the 
increased depth of the pelvic cavity gained thereby, taken in connection 
with the extreme shortness of the symphysis, may be of importance in 
relation to the size of the pelvic outlet required for the birth of the young. 

There is no great change in the body or the tuberosity of the South 
American monkeys, but the ischial ramus, as mentioned above, is rela¬ 
tively broader. In correlation with this fact it should be noted that the 
deep portion of the adductor magnus (Fig. 3A, am) now arises from the 
entire ischial ramus and that a new portion of the adductor mass, a 
portion innervated by the sciatic nerve, arises from the lower end of the 
ramus and ischial tuberosity. This last portion is called the ischio- 
condyleus (Fig. 3A, ic) by many writers, since it extends from the ischium 
to the medial condyle of the femur. It is present in all the higher 
primates. In all it takes a position on the pelvis corresponding to that 
of the semimembranosus in the Lemuroidea, posterior to and below that 
of the biceps, the semimembranosus being crowded from the posterior 
edge of the tuberosity to a position internal to the biceps. It is believed 
that these portions of the adductor mass function not only in adduction 
of the thigh which is a more important movement in the climbing mon¬ 
keys than in the lemurs, but also in extension of the hip-joint. The 
ischio-condyleus is surely as good an extensor as any one of the ham¬ 
strings. 

As may be seen from the muscle plates (Figs. 7, 8), the extensors of 
the knee are the largest in Lemur and in Galago , whereas in the monkeys 
the extensors of the hip-joint are as powerful as those of the knee-joint. 
Sudden and violent extension of the knee is important in the forward 
propulsion of the bodies of the leaping forms. In the monkeys which are 
frequently arising either from the squatting or from the quadrupedal 
to the semi-erect position in order to grasp the near-by branches, the 
extensors of the hip must act with power to keep the trunk and tibia 
parallel. 

The broadening of the ischial ramus provides also a slightly greater 
surface for the obturator externus in these forms and gives to it increased 
importance as a rotator. 

The ischium of the Old World monkeys (Fig. 4) is greatly modified 
in relation to the habit of upright sitting. Strength to resist the down- 
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wardly directed forces of the trunk is gained by a thickening and broaden¬ 
ing of the body. The tuberosities are broadened and flattened to give 
extensive attachment to the ischial callosities on which the animal rests 
in sitting. They are widest along their antero-dorsal margin, narrowing 
to a point postero-ventrally. 

There are a few changes in the muscles which are significant. There 
is an additional portion of the adductor magnus which runs between the 
ischium and the upper portion of the femur. This was called the adduc¬ 
tor accessorius by Michaelis who found it in Cynocephalus. It was not 
readily separated in Macacus and Lasiopyga but its presence was in¬ 
dicated by the direction of the muscle fibers. It is responsible for the 
twisted appearance of the adductor magnus, in which the deep fibers 
arising from the ischium pass to the upper end of the femur, while those 
from the symphysis go to the lower part of the femur. In the lemurs 
and South American monkeys, as is shown by the diagrams of the femurs 
(Fig. 6A, B, C), the upper limit of the insertion of the adductor magnus 
lies some distance below the lesser trochanter. In the Old World mon¬ 
keys (Fig. 6D), however, the upper limit of the adductor magnus lies 
opposite the lesser trochanter. It is thought that the fibers of the ad¬ 
ductor accessorius can act as rotators. Moreover, in these forms, as in 
Alouatta , the quadratus femoris, which in the Lemuroidea and in Cebus 
has its insertion chiefly below the lesser trochanter, is now inserted on the 
trochanter and above it. Thus, it, too, is favorably placed for rotation. 
Emphasis upon the rotators posterior to the acetabulum is perhaps a 
necessary consequence of the change in function of the glutei. It is evi¬ 
dent that rotation of the pelvis toward one side is accomplished by the 
glutei of that side assisted by the rotators posterior to the acetabulum 
on the other side. In the Lemuroidea the rotators anterior to the ace¬ 
tabulum are very powerful. As the gluteus medius of the monkeys 
becomes specialized for extension of the pelvis in squatting there is more 
provision for rotation through the action of the muscles posterior to the 
acetabulum. 

Hylobates is the only one of the anthropoids that possesses ischial 
callosities. In this form they extend transversely rather than antero- 
posteriorly and dorso-ventrally as in the Old World monkeys studied. 
Their orientation is dependent upon two factors: the shortness of the 
lever arm of the hamstrings and the shallowness of the pelvic cavity in 
the dorso-ventral direction. In the short lever arm. power is sacrificed 
to speed of movement but there may be compensation for that loss 
through the addition of a new and powerful extensor muscle. Fibers of 
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the gluteus maximus, which, in the tailed forms are attached to the 
caudal vertebrae, are inserted on the ischial tuberosity in Hylobates and 
the other anthropoids. The shallowness of the pelvic cavity goes with 
the brachiating habits. In the quadrupedal forms the rami of the pubis 
and ischium must have a relatively greater dorso-ventral extent in order 
to provide a favorable leverage for the adductor muscles. In the 
brachiating forms in which the thigh hangs parallel to the vertebral 
column the adductors pull at a better angle if the pelvis is shallow since 



Fig. 8. Musculature of the hip and thigh, lateral view (continued). 

their surface of origin is then more nearly in the same frontal plane with 
the line of insertion. 

The tuberosities of the remaining anthropoids are curved, not flat 
like those of Hylobates. They have a greater antero-posterior and dorso- 
ventral extent owing to the increased length of the lever arm of the ham- 
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strings and the increased depth of the pelvic cavity, and they are everted. 
Going with this eversion is a twisting outwards of the body of the ischium 
in its posterior part. The eversion of the tuberosities and torsion of the 
ischial body are believed to be due to the action of the hip-joint extensors 
which exert a powerful pull on the tuberosities of these heavy forms. 
Certainly the angle of pull of those muscles on the everted tuberosities 
is more favorable for power than it would be on non-everted tuberosities. 




Fig. 9. Musculature of the hip and thigh, medial view. 


As Weidenreich has pointed out the torsion of the ischium conditions 
a groove, the sulcus tubero-glenoidalis, between the ischial tuberosity 
and the portion of the ischium embracing the acetabulum. In the heavy 
anthropoids this groove runs obliquely downward. In man the sulcus 




A Alouatla, 



Fig. 10. Musculature of the hip and thigh, medial view (continued) 
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tubero-glenoidalis is present but it is narrower and directed transversely 
owing to the fact that the tuberosity stretches far up toward the ace¬ 
tabulum, covering part of the body of the ischium. 

Weidenreich attributes this position of the tuberosity and the con¬ 
sequent alteration in the sulcus to the strong pull exerted upon the 
tuberosity through the action of the sacro-tuberous ligament which in 
man must keep the caudal end of the sacrum from rising as a result of the 
pressure exerted upon the base of the sacrum by the upright vertebral 
column and trunk. So, too, the prominent ischial spine of man is attrib¬ 
uted to the action of a ligament, the sacro spinous, which is derived from 
the ischio coccygeus muscle, as Keith has pointed out. 

The arrangement of muscles on the posterior surface of the femur 
(Fig. 6E, F) is very much the same in the different anthropoids. In all, 
there are portions of the adductor magnus extending from the lesser 
trochanter to the medial condyle. In all, the gluteus maximus has a 
much greater extent than in any of the Old World forms and, in all, there 
is present the origin of the short head of the biceps femoris. 

A short head to the biceps femoris is possessed only by Ateles , 
Alonatta, Lagothrix , the anthropoids and man. The first three are pre¬ 
hensile-tailed South American forms. It is easily understood that a one- 
joint flexor of the knee is of great importance in both the prehensile¬ 
tailed monkeys and in the brachiators in which independent action of the 
segments of the limbs is desirable. In the other primates, with the excep¬ 
tion of man, the knee can be flexed only through the action of the ham¬ 
strings. As Bowen (1923) has pointed out, the rectus femoris and the 
hamstrings when in contraction exert a belt-like action on the hip and 
knee such that “the two joints tend to take the same position and to 
move in the same direction and to the same extent.” There are one- 
joint flexors and extensors of the hip and one-joint extensors of the knee 
in all of the Primates, but a one-joint flexor of the knee only in the pre¬ 
hensile-tailed forms, the brachiating forms, and man. 

This view of the functional importance of the short head of the 
biceps femoris differs from that of Klaatsch (1900) who thought that 
the muscle could have no functional significance in climbing mammals 
since it was not present in lemurs or Old World monkeys. Klaatsch, 
like Windle and Parsons, believed that the muscle was homologous with 
the tenuissimus or, as he preferred to call it, the gluteo-cruralis, a muscle 
present in certain marsupials, some South American monkeys, some 
edentates, some insectivores, all carnivores, some rodents, and completely 
lacking in ungulates, lemurs and Old World monkeys. Its wide distribu- 
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tion led him to believe that in the tenuissimus we were dealing with a 
rudiment that is preserved in some mammals and secondarily lost in others. 
He believed that the tenuissimus and the short head of the biceps could 
be traced back to a muscle plate extending from the caudal region to the 
distal part of the shank in pro-mammals. He thought that since the 
preservation of the muscle could not be explained from the point of view 
of function, one must regard its presence as a primitive feature. He con¬ 
sidered the short head of the biceps femoris to be one of the primitive 
structures which should place man and the higher primates at the root of 
the tree of mammalian life. 

It is the belief of the writer that the occurrence of this muscle in man 
suggests the presence of brachiating ancestors. Both locomotion through 
the use of a prehensile tail and brachiation favor its development. In 
view of the many points of likeness between the brachiators and man and 
the points of difference between man and the prehensile-tailed monkeys, 
it seems reasonable to regard the short head of the biceps in man as a 
heritage from the brachiators and to attribute its development in the 
prehensile-tailed monkeys to parallelism. 

SUMMARY 

The results of this investigation can best be summarized through 
two lists: the first, a list of the habitus and heritage characters in the 
ilium and ischium of the animals studied; the second, a list of the habitus 
and heritage characters in the musculature of the main groups. 

Habitus and Heritage Characters in the Ilium and Ischium 


Group 

Heritage 

Animal Habitus 

Lemuroidea 

Ilium, ischium, and 

Lemur Gluteal plane divided 


pubis meet in ace¬ 

into gluteal plane 


tabulum 

proper and post gluteal 
plane 


Ilium has three sur¬ 



faces and four edges 

Sacral plane has two 


Gluteal plane faces 

parts which meet at an 


laterally 

angle 


Sacral plane faces 

Iliac plane faces entirely 


medially 

ventrally 


Body of ischium un¬ 

Iliac blade long and 


expanded 

large 


Tuberosity of ischium 

Iliac blade flares ante¬ 


unexpanded 

riorly 
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Group 

Lemuroidea 


Anthropoidea 

Cebidae 


Heritage Animal 
Sacro-iliac joint small Lemur 


Galago 


Perodicticus 


Gluteal plane has two Cebus 
distinct parts—glu¬ 
teal plane proper and 
post gluteal plane 

Greater part of gluteal 
plane proper faces 
laterally (average for 
the two forms was 70 
per cent) 


Habitus 

Gluteal fossa present 
Tuberosity of ilium long 
Anterior superior spine 
present 

Anterior inferior spine 
prominent 

Margo acetabuli curved 
and prominent 
Ramus of ischium slender 
Gluteal plane as a whole 
faces dorso-laterally 
Postgluteal plane not 
conspicuous 
Iliac tuberosity short 
Iliac blade longer than in 
Lemur 

Anterior inferior spine 
prominent 

Anterior superior spine 
present 

Margo acetabuli faintly 
marked 

Margo ischiadicus not 
conspicuous 

Gluteal plane as a whole 
faces dorso-laterally 
Postgluteal plane absent 
Iliac tuberosity very 
reduced 

Iliac blade longer than in 
Lemur and very 
narrow 

Margo acetabuli faintly 
marked 

Ischial ramus greatly 
elongated 

Approximately 12 per 
cent of the gluteal plane 
faces dorsally 
Iliac plane wider than in 
Lemur 

Iliac tuberosity small— 
faces ventro-medially 
Margo acetabuli straight 
Neither anterior superior 
nor anterior inferior 
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Group 

Heritage 

Animal Habitus 

Anthropoidea 

Two parts of the sacral 

Cebus spine prominent 

Cebidse 

plane meet at an angle 

Ischial ramus broad 


Long iliac blade 

Antero-posterior and 


Body of ischium unex¬ 

transverse extent of 


panded 

sacro-iliac joint larger 


Tuberosity of ischium 
unexpanded 

than in Lemuroidea 


Alouatta Almost one-half of the 

gluteal plane faces 
dorsally 

Length of iliac crest 
above iliac plane 
almost equal to that 
above iliac tuberosity 
Iliac tuberosity very 
small 

Postgluteal plane small 
Sacro-iliac joint long 


Cercopithecidae A large part of the glu- Macacus 
teal plane faces 
laterally (average in 
forms studied, 58 per 
cent) 

Large part of the iliac 
crest is above the 
iliac tuberosity 
Margo acetabuli 
straight 

Anterior superior and 
anterior inferior 
spines not prominent 
Postgluteal plane 
prominent 


Iliac blade long Lasiopyga 30 per cent of gluteal 

plane faces dorso- 
laterally 

Iliac plane faces ventro- 
medially 

Iliac tuberosity long 
Iliac tuberosities diverge 
Iliac blade long 
Body of ischium ex¬ 
panded 


60 per cent of the gluteal 
plane faces dorsally 
Iliac tuberosity reduced 

Iliac blade longer than in 
Lemuroidea or Cebidse 


Ischium long 
Body of ischium ex¬ 
panded 

Tuberosity of ischium 
expanded 

Ischial callosities present 
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Group 

Cercopithecidae 

Heritage 

Animal 

Lasiopyga 

Habitus 

Tuberosity of ischium 
expanded 

Ischial callosities 

Ischium long 



Papio 

36 per cent of gluteal 


plane faces dorso- 
laterally 


Iliac plane faces ventro- 
medially 

Iliac tuberosities long 
Iliac tuberosities diverge 
Ischium long 
Tuberosity of ischium 
expanded 

Body of ischium ex¬ 
panded 


Anthropoidea 

A very small part of Hylobates 

Dorsally facing portion of 

Simiidae 

the gluteal plane 

gluteal plane widened, 


faces laterally 

especially through re¬ 


Iliac tuberosity faces 

gion of anterior super¬ 


ventro-medially 

ior spine 


Postgluteal plane 

Greatest portion of iliac 


present 

crest is lateral to spina 


Iliac blade long 

limitans 


Anterior inferior spine 

Iliac tuberosity small 


not prominent 

Medial portion of iliac 


Body of ischium large 

crest greatly thickened 


Ischial tuberosity ex¬ 

Iliac fossa indicated 


panded 

Lever arm of hamstrings 


Ischial callosities in 

short 


Hylobates 

Ischial tuberosities ex¬ 
tend transversely 


Pan 

Dorsally facing portion of 
gluteal plane wider in 
proportion to length of 
blade than in Hylobates 
Iliac crest thick through¬ 
out its extent 

Portion of iliac crest 
beyond spina limitans 
relatively greater than 



in Hylobates 

Margo acetabuli concave 
Anterior superior spine 
prominent 
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Group 

Anthropoidea 

Simiidae 


Anthropoidea 

Hominidse 


Heritage 


Animal Habitus 

Pan Iliac tuberosity small— 
faces ventro-medially 
Ischial tuberosity curved 
and everted 
Ischium long 
Sulcus tubero-glenoidalis 
present 


Pongo Dorsally facing portion of 

gluteal plane relatively 
wider than in Pan 
Iliac tuberosity small, 
facing almost ventrally 
Angle between iliac 
tuberosity and iliac 
plane large so that iliac 
crest is almost straight 
Margo acetabuli concave 
Anterior superior spine 
prominent 

Postgluteal plane re¬ 
duced 

Sulcus tubero-glenoidalis 
present 
Ischium long 


Gorilla Broadest gluteal plane of 

all anthropoids 

Iliac tuberosity very 
small 

Angle at spina limitans 
obliterated 

Margo acetabuli short 
and concave 

Anterior superior spine 
prominent 

Iliac fossa prominent 

Ischium long 

Sulcus tubero-glenoidalis 
present 


Orientation of gluteal 
plane 

Growth of bone from back 
from spina limitans 
Formation of great 
sciatic notch 


Broad gluteal plane Homo 
broadest through an¬ 
terior superior spine 
Greatest portion of iliac 
crest lateral to spina 
limitans 
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Group 

Anthropoidea 

Hominidae 


Habitus and 

Group 

Lemuroidea 

Lemuridse 


Lorisidae 


Heritage 
Thick iliac crest 
Prominent anterior 
superior spine 
Thickened body of 
ischium 

Sulcus tubero-gle- 
noidalis 

Expanded ischial 
tuberosity 


Animal Habitus 

Homo Extension of crest pos¬ 
terior and medial to 
spina limitans 
Length of iliac tuberosity 
Increase in extent of 
auricular surface along 
antero-posterior axis 
(dorso-ventral of 
quadrupeds) 

S-shaped iliac crest 
Extensive iliac fossa 
Disappearance of post- 
gluteal plane 
Development of anterior 
inferior spine 
Short iliac blade 
Short ischium (ham¬ 
string lever arm) 
Development of ischial 
♦ spine 


Heritage Characters in the Musculature of the 
Main Groups 


Heritage 

Muscles attaching to 
the ilium and 
ischium have their 
homologues in the 
pelvic musculature 
of all mammals 


Habitus 

The two joint muscles of 
the hip and knee are 
emphasized 

Gluteus maximus has 
fibrous attachment to 
anterior superior spine 
Gluteus maximus has ex¬ 
tensive attachment on 
back of femur 
Gluteus medius extends 
from anterior end of 
blade to region of an¬ 
terior inferior spine 
Quadratus femoris ex¬ 
tends below lesser 
trochanter on femur 
Scansorius portion of glu¬ 
teus minimus distinct 


Group 

Lemuridse 


As in Lemuridse Lorisidse Two joint muscles of hip 

Gluteus maximus at- and knee are em- 

tached by fibers to phasized 
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Group 

Heritage 

Group 

Habitus 

Lorisidae 

entire anterior edge 
of blade 

Gluteus medius not 
bipenniform 

Lorisidae 

Quadratus femoris ex¬ 
tends below lesser 
trochanter on femur 
Gluteus maximus at¬ 
tached to anterior end 
of ilium 

Gluteus medius extends 
almost to region of 
anterior superior spine 


Anthropoidea Ischio-condyleus 
Cebidae present 

Representative of an¬ 
cient muscle-mass 
present in tenuis- 
simus or short head 
of biceps 

Scansorius portion of 
gluteus minimus 
present 

Quadratus femoris ex¬ 
tends below lesser 
trochanter in Cebus 


Cebidae Ischio-condyleus well de¬ 
veloped and separate. 
It takes place of semi¬ 
membranosus posterior 
to biceps on outer edge 
of tuberosity. Semi- 
membranous located 
between biceps and 
ischio-condyleus on 
the outside and quad¬ 
ratus femoris on the 
inside 

Gluteus medius limited 
to anterior end of 
blade in Cebus 
Short head of biceps 
well-developed in pre¬ 
hensile-tailed monkeys 
Attachment of gluteus 
maximus on femur re¬ 
duced in extent 
Quadratus lumborum at¬ 
tached to iliac crest in 
Alouatta 

Quadratus femoris does 
not extend below lesser 
trochanter in Alouatta 


Anthropoidea Ischio-condyleus Cercopithecidae 
Cercopithecidae present 

Neither tenuissimus nor 
short head of biceps 
present 

Gluteus medius limited 
to anterior end of 
blade 


Adductor accessorius 
present 

Ischio-condyleus well de¬ 
veloped and fused with 
rest of adductor mag- 
nus 

Extent of adductor mass 
on posterior surface of 
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Group 
Anthropoidea 
Cer copit hecidje 


Simiidae, 


Hominidae 


Heritage 

Attachment of gluteus 
maximus .to femur 
very reduced 


Short head of biceps 

Ischio-condyleus present 

Ischio-condyleus sepa¬ 
rate in Pan, and 
some species of 
Hylobates 

Adductor accessorius 
present 

Extent of adductor 
mass on posterior 
surface of femur is 
from lesser tro¬ 
chanter to medial 
condyle 

Quadratus femoris does 
not extend below 
lesser trochanter 

Gluteus medius limited 
to anterior end of 
blade 

Scansorius portion of 
gluteus minimus sep¬ 
arate in orang 


Habitus 

femur is from lesser 
trochanter to medial 
condyle 

Quadratus femoris does 
not extend below lesser 
trochanter 

Short head of biceps well 
developed 

Gluteus maximus has an 
attachment to the 
ischial tuberosity and 
a long attachment on 
femur 

Quadratus lumborum and 
latissimus dorsi at¬ 
tached to iliac crest 

Sartorius attached to an¬ 
terior superior spine 
in Pongo and Gorilla 

True Poupart’s ligament 
in Gorilla 

Dorsal surface of sacrum 
and postgluteal plane 
taken up by multifidus 

Gluteus maximus in 
gorilla has a fibrous 
attachment to the 
sacrum 


Group 

Cercopithecidae 


Simiidae 


Ischio-condyleus Hominidae 

Gluteus maximus has at¬ 

present 

tachment by fibers to 

Arrangement of ham¬ 

iliac crest and side of 

strings and ischio 

sacrum; has no at¬ 

condyleus on tuber¬ 

tachment to iliac 

osity similar to that 
in monkeys and apes 

Extent of adductors on 
posterior surface of 
femur is from lesser 
trochanter to medial 
condyle 

Quadratus femoris does 
not extend below 
lesser trochanter 

tuberosity 
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Group 

. Heritage 

Group 

Hominidae 

Gluteus medius anterior 
to gluteus minimus 
Sartorius attached to 
anterior superior spine 
Poupart’s ligament 
Quadratus lumborum, 

Hominid* 


and latissimus dorsi 
attached to iliac crest 
Short head of biceps 

A portion of the mul- 
tifidus in the region 
of the posterior su¬ 



perior spine 



CONCLUSIONS 

This study of the pelvic muscles of the primates in relation to the 
bony surfaces to which they are attached lends support to Gregory’s 
views (1920) as to the main stages in the evolution of the pelvis from the 
primitive arboreal quadrupeds to man. 

These stages are as follows: 

1. Primitive lemuroid stage. 

2. Stage of primitive monkey in which there are incipient adaptations for up¬ 
right sitting; 

3. Stage of quadrupedal monkey in which adaptations for upright sitting are 
perfected; 

4. Brachiating stage; 

5. Stage of bipedal man. 
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KEY TO ABBREVIATIONS USED IN FIGURES AND PLATE 


ab —adductor brevis 

ace —abductor caudae externus 

al —adductor longus 

am —adductor magnus 

hi —biceps femoris 

e —erector spinae 

eo —obliquus externus abdominis 

fl —fascia lata 

g —gracilis 

gem —gemelli (when undifferentiated) 

gi —gemellus inferior 

gs —gemellus superior 

gmd —gluteus medius 

gmn —gluteus minimus 

gmx —gluteus maximus 

gp —gluteal plane 

i —iliacus 

ic —ischio-condyleus 

il —iliopsoas 

ilc —ilio-coccygeus 

in —intertransversarii 

to —obliquus internus abdominis 

ip —iliac plane 

is —anterior inferior spine 

isc —ischiococcygeus 

it —iliac tuberosity 

l —latissimus dorsi 

Ice —levator caudae externus 


Id —levator caudae internus 

ll —linea limitans 

It —linea terminalis 

m —multifidus 

ma —margo acetabuli 

mi —margo ischiadicus 

oe —obturator externus 

oi —obturator internus 

p —pectineus 

pgp —postgluteal plane 

pmg —psoas major 

pmn —-psoas minor 

pyr —pyriformis 

qf —quadratus femoris t 

ql —quadratus lumborum 

r —rectus femoris 

ra —rectus abdominis 

s —sartorius 

si —spina limitans 

sm —semimembranosus 

sp —sacral plane 

ss —anterior superior spine 

st —semitendinosus 

t —tenuissimus 

tfl —tensor fascia lata 

tr —transversalis 

ve —vastus externus 

vi —vastus internus 
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New taxonomic names are printed in heavy-faced type, also the main reference in a series of 
references. 


Abbottina, 38. 

Acanthias vulgaris, 511. 

Acanthobrama, 25. 

Acanthogobio, 34. 

Acanthorhodeus, 32. 

Acanthopsis, 41. 

Acanthosaura lamnidentata, 346, 348, 
349, 351, 359, 370. 

Acanthurus ctenodon, 512. 
fasciatus, 512. 
gemmatus, 512. 
guttatus, 512. 
hepatus, 512. 
leucostemon, 512. 
lineatus, 512. 
matoides, 512. 
nigros, 512. 
olivaceus, 512. 
rhombeus, 512. 
rubropunctatus, 512. 
rupellii, 512. 
triostegus, 512. 

Achalinus, 359, 435. 
braconnieri, 435. 

spinalis, 346, 348, 350, 352, 356, 360, 

435. 

Acheilognathus, 31. 

Acipenser, 2. 

Acipenseridae, 2. 

Adenota, 245, 246, 267. 
kob alurae, 239,244, 268, 276, 278. 

Agamidae, 338, 370. 

Ageneiogarra, 21. 

Agenigobio, 37. 

Agkistrodon acutus, 346, 351, 353, 357, 
358, 360, 363, 472, 473. 
halys brevicaudus, 431. 

Agonostoma telfairii, 512. 

Agromyzidae, 186. 

Alcelaphus, 267. 
lelwel lelwel, 268. 

Allophryne ruthveni, 293, 295. 


Alouatta, 589, 591, 594, 596, 599, 600- 
603, 608, 612, 619, 620, 624, 625, 
627, 629, 630, 633,637. 
seniculus, 588. 

Ambassidae, 51. 

Ambassis, 51, 512. 

dussumierii, 512. 

Amblycephalus, 359, 459, 461. 
boulengeri, 459. 
chinensis, 459, 462. 

kuangtungensis, 346, 349, 353, 357, 

359, 360, 460, 461, 463. 
niger, 339, 461, 462. 
sinensis, 462. 

stanleyi, 344, 346, 347, 353, 357, 359, 

360, 461, 462, 463. 
yunnanensis, 462. 

Ambystoma, 326, 327. 
macrodactylum, 325. 
maculatum, 325. 
tigrinum, 312,325. 

Amphiprion chrysogaster, 512. 

Amphisile scutata, 512. 

Amphistoma conicum, 238. 
lunatum, 255. 
oxycephalus, 255. 

Amphistomum, 260. 
bicaudatum, 234,258,259, 260. 
oxycephalum, 255. 

Amyda, tuberculata, 346-349, 351, 365. 
Anabantidae, 50. 

Anabas, 50. 

Anampses caeruleo-punctatus, 512. 
diadematus, 512, 513. 
meleagris, 513. 
twistii, 513. 

Anguidae, 338, 370. 

Anguilla, 5. 
labiata, 513. 
mauritiana, 513. 
virescens, 513. 

Anguillidae, 5. 


iSee page 57 for index to Art I, ‘Chinese Fresh-water Fishes,’ by J. T. Nichols. 
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Antennarius coccineus, 513. 
tridens, 513. 

Antennotilla, 68, 69, 71. 

Anthias borbonicus, 513. 

Anthracothorax violaceicollis, 129, 161, 
162, 164. 

Aoria, 6. 

Apeltonotus dorsalis, 372,373. 
sylvaticus, 339, 346, 347, 351, 359, 
360, 372, 373. 

Aphareus furcatus, 513. 

Aphyocypris, 25. 

Aplocheilus, 48. 

Apogon frenatus, 513. 
taeniopterus, 513. 

Aprion virescens, 513. 

Apterogyna, 67. 

Apterogyninae, 67. 

Apterotilla, 68, 71. 

Argyrobrithes, 168, 169. 
argenteus, 169. 

Argyropelecus aculeatus, 513. 

Arius thalassinus, 513. 

Ascaphus, 326. 

Asilidae, 167,184,185,187. 

Aspius, 15. 

Asterropteryx semipunctatus, 513. 

Ateles, 600, 630. 

Atrichops bezzii, 172. 

Aulacocephalus schlegelii, 513. 

Aulostoma chinense, 513. 

Balistes acculeatus, 513. 
bursa, 514. 
cinereus, 514. 
conspicillum, 499, 514. 
erythrodon, 514. 
flavimarginatus, 514. 
fuscus, 514. 
niger, 514. 
rectangulus, 514. 
stellatus, 514. 

Barbatula, 45. 

Barbodes, 11. 

Barbodon, 40. 

Barbus, 11. 
snyderi, 399. 

Barilius, 17. 


Barymutilla, 77. 

comparata offecta, 80. 
parallela, 81. 

Beione, 498, 514. 
melanostigma, 514. 

Bequaert, J., see Bradley, J. Chester, 
and Bequaert. 

Bibionidae, 184, 187. 

Bisulcotilla, 68, 69, 71. 

Blephariceridae, 184. 

Boidae, 388. 

Bioga, 360, 457. 
kraepeiini, 438, 458. 
multimaculata, 346, 349, 350, 353, 357, 
358, 468. 

sinensis, 346, 347, 353, 357, 358, 362, 

467, 458. 

Bombyliidae, 184,185,187. 

Boone, Lee, A Collection of Brachyuran 
Crustacea of the Bay of Panama and 
the Fresh Waters of the Canal Zone, 
561-583. 

Borboridae, 185. 

Borborocoetes miliaris, 310. 

Botia, 41. 

Brachycistinae, 67. 

Brachymutilla, 68, 70. 

Bradley, J. Chester, and Bequaert, J., A 
Synopsis of the Mutillidae of the 
Belgian Congo, 63-122. 
Bradynobaenus, 67. 

Brevicipidae, 292, 293. 

Breviceps, 293. 
rugosus, 307. 

Brotula miiltibarbata, 514. 

Brumptia, 234, 268, 260, 261. 
bicaudata, 234, 268, 261, 284-287. 
bicaudatum, 237, 259, 261. 
gigas, 234, 259, 260, 261. 

Brumptiinae, 237, 268. 

Bucco subtectus, 162. 

Bufo, 399, 341. 

Bungarus, 359, 468. 
candidus, 469, 

multicinctus, 346, 349, 350, 353, 357, 

468, 469. 

wanghaotingi, 339, 469. 
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Cacicus, 125, 131, 132, 161, 162. 
cela, 125. 
haemorrhous, 152. 
vitellinus, 150, 161. 

Cacosternum, 293. 

Caesio cylindricus, 514. 
tricolor, 514. 

Calamaria, 359, 360, 454. 

septentrionalis, 346, 349, 353, 357,454. 
Callinectes, 564. 
arcuatus, 564, 566. 
dubia, 564. 
pleuriticus, 564. 

Callionymus curvicornis, 514. 

Calliophis, 359, 465. 
macclellandii, 346, 349, 350, 353, 357, 
360, 465, 467. 
swinhoei, 466. 

Calliphoridae, 167, 186, 187. 

Calyodon viridescens, 514. 

Cailulina kreffti, 292. 

Calobatinae, 187. 

Cancer grapsus, 577. 

Caranx crumenopthalmus, 514. 
hippos, 514. 
speciosus, 514. 

Caraspius, 16. 

Carassius, 11, 457. 
anratus, 514. 

Carcharias menisorrah, 511. 

walbeehmii, 511. 

Carcharodon, 511. 

Carynx ciliaris, 515. 

melampygus, 515. 

Cassiculus, 125. 

Cassidix, 149-155, 157-159, 162, 165. 

oryzivora, 125,152,161. 

Catostomidae, 9. 

Cebidae, 589, 632, 633, 637. 

Cebus, 589, 591, 592, 594, 596, 599, 600- 
603, 605, 608, 609, 612, 614, 619, 
620, 624-626, 628, 632, 633, 637. 
hypoleucus, 588. 

Cecidomyidae, 167,184. 

Centrolenella, 293, 295, 308. 

Cephalotilla, 68, 71. 

Ceratoptera ehrenbergii, 511. 
Ceratotherium simum cottoni, 263j 


Ceratotilla, 91. 
dolosa septemmaculata, 114. 
tergacantha, 116. 

Cercaria frondosa, 243. 

Cercopithecidae, 589, 633, 634, 637, 638. 
Chaetodon auromarginatns, 515. 
dorsalis, 515. 
falcula, 515. 
guttatissimus, 515. 
kleinii, 515. 

'ineolatus, 515. 
lunula, 515. 
meyeri, 515. 
setifer, 515. 
striangulus, 515. 
unimaculatus, 515. 
vagabundus, 515. 
vittatus, 515. 
xanthurus, 504, 515. 
zoster, 515. 

Chaetonerius claricoxa, 178. 
latifemur, 178. 
nyassicus, 178. 

Channa, 50. 

Chanodichthys, 30. 

Chanos lubina, 515. 

Chapman, Frank M., The Nesting Habits 
of Wagler’s Oropendola (Zarhynchus 
wagleri) on Barro Colorado Island, 
123-166. 

Cheilinus arenatus, 516. 
punctatus, 516. 
trilobatus, 516. 
radiatus, 516. 

Cheilio inermis, 516. 

Cheilodipterus octovittatus, 516i 

Chelmo longirostris, 516. 

Chilogobio, 39. 

Chiloglossa lusitanica, 324. 

Chiorchis, 254, 255. 
dilatatus, 255. 

fabaceus, 237, 254, 255, 258, 282, 283. 
papillatus, 255. 

Chirocentrus dorab, 516. 

Chiromantis xerampelina, 308. 

Chironectes, 516. 

Chironomidae, 167, 184. 

Chlorodius occidentahs, 569. 
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Chloropidae, 185, 187. 

Choerops, 516. 

Chorinemus sancti-Petri, 516. 

Chrysomyza smaragdina, 174. 

Chrysopelea ornata, 347. 

Chrysophrys sarba, 516. 

Chyphotinae, 67. 

Cirrhinus, 11. 

Oirrhites amblycephalus, 516. 
arcatus, 516. 
fosteri, 516. 

Cirrhitichthys maculatus, 516. 

Cladocoelium giganteum, 267. 
hepaticum, 267. 

Cladorchinae, 237, 254. 

Cladorchis, 234, 260, 261. 
gigas, 234, 258-261. 

Clarias, 9. 

Clemmys bealii, 346, 348, 349, 351, 363. 

Cleopatra bulimoides, 264. 
cyclostomoides, 264. 

Clitodoca fenestralis unifenestrata. 174. 
fenestralis unigutta, 174. 

Clusiidae, 186. 

Clypeicterus, 125, 126. 

Cobitidae, 40. 

Cobitis, 41. 

Coilia brachygnathus, 3. 
hamiltoni, 3. 
nasus, 3. 

Coluber, 359,360, 418. 
spinalis, 356,418. 
walli, 439. 

Colubridae, 338, 389. 

Conger altipinnis, 516. 
marginatus, 516. 

Conopidae, 185, 187. 

Coreius, 37. 

Coreoperca, 52. 

Coris annulata, 516, 517. 
aygula, 517. 
cingulum, 517. 
cuvieri, 517. 
semipartita, 517. 

Cormacantha, 168, 172. 
maculiventris, 172. 

Coronella bella, 344, 347. 

Cossyphus albomaculatus, 517. 


anthioides, 517. 
atrolumbus, 517. 
axillaris, 517. 
diana, 517. 
macrurus, 517. 
opercularis, 517. 

Cotinga nattereri, 161, 163, 164. 
Cottidae, 53. 

Cottus, 53. 

Cotylegaster, 263. 

Cotylophoron, 239, 243, 248, 253. 
cotylophorum, 237, 238, 243, 244, 276- 
279. 

indicum, 244. 

Cranoglanis, 6. 

Crossocheilus, 14. 

Crossostoma, 48. 

Crotalidae, 338, 472. 

Cryptobatrachus, 308. 

alleganiensis, 325. 

Ctenogobius, 56. 

Ctenopharyngodon, 16. 

Ctenotilla, 68, 72, 116. 
katangana, 116. 
langi, 64, 116. 
lobognatha, 116. 

Culieidae, 184. 

Culter, 30. 

Culticula, 25. 

Curran, C. H., Diptera of the American 
Museum Congo Expedition, 167- 
187. 

Cybium commersonii, 517. 
Cyclocheilichthys, 13. 

Cyclocoelidae, 237, 268, 270. 

Cyclocoelinae, 268. 

Cycloccelum, 235, 268, 269. 
halcyonis, 234. 
mutabile, 269. 

phasidi, 235, 237, 269, 288, 289. 
Cycloramphus, 310. 

Cynocephalus, 625. 

Cyprinidae, 10. 

Cyprinodontidae, 48. 

Cyprinus, 10, 457. 

Cyrtopus, 168, 171. 
fastuosus, 171. 
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Dactylopterus orientalis, 502, 517. 
Danio, 14. 

Daphnia, 557. 

Dasylabris, 69, 71, 117. 
difficilis, 118. 
filum, 118, 119. 
foxi, 71. 

inflata angularis, 117, 119. 
inflata subcarinata, 119. 
mauraeformis, 118, 119. 
mephitidoides, 118, 119. 
mephitis, 118. 
nyctimene, 117, 119. 
schoutedeni, 117, 119. 
stimulatrix difficilis, 118. 
stimulatrix interrupta, 118, 119. 
subcarinata, 118, 119. 
verticalis, 118, 120. 

Dasylabroides, 69, 72, 75. 
latona, 75. 
latona analis, 75. 
latona neavei, 75. 
neavei, 75. 

Dermocassis, 7. 

Diagramma crassispinnus, 517. 
erythrostoma, 518. 
gaterina, 518. 
lessonii, 518. 
orientale, 518. 
pardalis, 518. 

Diasemopsis, 179, 182. 
dubia, 182. 
fasciata, 182. 
silvatica, 182. 

Dicamptodon ensatus, 326. 

Didelphys, 190, 194, 198, 203, 216, 217, 
225. 

virginiana, 190. 

Dinodon, 358, 427. 

flavozonatum, 339, 346, 347, 352, 
357, 358, 362, 429, 433, 434, 453. 
futsingensis, 339, 346, 347, 352, 356, 

427. 

rufozonatum, 350, 358, 433, 434. 
rufozonatum rufozonatum, 356, 429, 
432. 

rufozonatum williamsi, 346, 348, 352, 
357, 360, 430, 431, 432, 433. 


ruhstrati, 346, 348, 350, 352, 357, 358, 
360, 427, 428, 429. 
semicarinatum, 434. 
septentrionalis, 429. 

Diodon hystrix, 518. 

Diopsidae, 167, 179, 186, 187. 

Diopsina, 179, 182. 
ferruginea, 183. 

Diopsis acanthophthalma, 179, 180. 
aethiopica, 182. 
affinis, 179, 181. 
apicalis, 180, 181. 
aterrima, 180. 
basalis, 180, 182. 
collaris, 180, 181, 182. 
diversipes, 179, 180. 
fasciata, 182. 
fumipennis, 1S±. 
ichneumonea, 179. 
macquarti, 179, 180. 
ornata, 179, 180. 
punctiger, 179, 181. 
sulcifrons, 179, 180. 
tenuipes, 179, 181. 

Diplephippium, 168. 

Diplostomum aegyptiacum, 263. 

Diptychus, 15. 

Distoechodon, 24. 

Distoma hominis, 267. 

Distomata hominis, 267. 

Distomum aegyptiacum, 267. 
caviae, 267. 
giganteum, 267. 
hepaticum, 267. 
lanceolatum, 267. 

Dolichomutilla, 70, 72, 88. 
bequaerti, 88. 
guineensis, 88, 89. 
guineensis sycorax, 88, 89. 
iangenburgensis, 110. 
lessensis, 88, 89. 
neavi, 110. 
scutellifera, 88, 89. 
scutellifera primigenia, 88, 89. 
vetustata, 113. 

Dolichopodidae, 184, 187. 

Drosophilidae, 185, 187. 
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Dules bennetti, 518. 
rupestris, 518. 

Echeneis naucrates, 518. 

Elaphe, 360, 436, 438, 447. 
bimaculata, 444. 

carinata, 346, 348, 350, 352, 356-360, 
437, 438, 440, 458, 473. 
climacaphora, 347. 
dione, 356, 360, 443, 444. 
erythrura, 439. 

kreyenbergi, 346, 348, 350, 352, 357, 
363,438,440. 

mandarina, 346, 348, 350, 352, 357, 

358, 440. 
osbomi, 438, 439. 

porphyracea porphyracea, 346, 348, 
350,352,357,358,362,363, 440, 441. 
porphyracea pulchra, 441, 442. 
radiata, 446. 

rufodorsata, 356, 358, 360, 442. 
schrencki, 356, 363, 436. 
taeniura yunnanensis, 346, 349, 350, 
352, 357, 359, 360, 362, 444, 446. 
Elassogaster, 174, 177. 
arcuatus, 177. 
vanderwulpi, 177. 

Eleotris, 53. 
fusca, 518. 
guttatissimus, 518. 
madagascariensis, 518. 
Eleutherodactylus, 308. 

Elftman, Herbert Oliver, Functional 
Adaptation of the Pelvis in Marsu¬ 
pials, 189-232. 

Elopichthys, 17. 

Elopidae, 2. 

Empididae, 185. 

Engistoneura bicolor, 176. 

Engraulidae, 3. 

Engraulis, 518. 

Enhydris, 455. 

chinensis, 346, 349, 350, 353, 356, 358, 

359, 362, 456, 457. 

plumbea, 346, 349, 350, 353, 356, 358, 
359, 455, 456, 457. 

Ephippium maculipenne, 171. 
Ephutomma, 67, 69, 71. 


Ephydridae, 185. 

Epibulus insidiator, 518. 

Epinephelus, 52. 
gaimardi, 518. 

Equidae, 236. 

Equula caballa, 518. 
fasciata, 518. 

Eremias argus, 360,376, 377. 
argus argus, 377. 
argus brenchleyi, 377. 
barbouri, 376, 377. 
brenchleyi, 376, 377. 

Erethistes, 9. 

Eriphia granulosa, 575. 
squamata, 563, 676, 576. 

Eriphinae, 575. 

Erythroculter, 29. 
aokii, 457. 

Euchiloglanis, 9. 

Eumeces chinensis, 346, 348, 350, 352, 
363, 384, 387. 

elegans, 346, 348, 350, 352, 359, 363, 
385, 386, 387. 
pulcher, 386. 

Eumenes maxillosus, 121. 

Eupemphix, 310. 

Euphylax dovii, 561, 564, 565. 
robustus, 564. 

Euproctus asper, 324-326. 
montanus, 325. 
platycephalus, 324, 326. 
rusconi, 324. 

Eurypanopeus herbstii, 571. 
planus, 561, 571. 
purpureus, 570. 
transversus, 572. 

Exocetus brachysoma, 518. 

Exostoma, 9. 

Fasciola, 266, 268. 
aegyptiaca, 268. 
angusta, 268. 
cervi, 237. 
elephi, 238. 
equi, 267. 

gigantea, 236, 237, 267. 
gigantica, 267, 268. 
hepatica, 237, 266, 267, 268. 
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hepatica aegyptiaca, 268. 
hepatica angusta, 267. 
hepatica apri, 267. 
hepatica bourn, 267. 
hepatica cervi, 267. 
hepatica equi, 267. 
hepatica porcorum, 267. 
humana, 267. 
magna, 268. 

Fasciolid®, 237, 266. 

Fasciolinae, 237, 266. 

Festucaria cervi, 238. 

Fistularia serrata, 518. 

Fluta, 4, 393. 

Fluta alba, 4, 471. 

Galaginae, 588. 

Galago, 588, 589, 591, 593, 598, 599, 605, 
607, 608, 613, 619, 620-623, 626, 
628, 632. 
gallarum, 588. 

Galeus canis, 511. 

Garra, 21. 

Gasterosteidae, 49. 

Gastrodiscinae, 262. 

Gastrodiscus, 262, 264, 266. 
aegyptiacus, 236, 237, 261, 263, 264, 
288, 289. 
minor, 263. 
polymastos, 263. 
sonsinoii, 263. 

Gastromyzon, 48. 

Gastrophryne, 295, 297, 300, 302, 306, 
307. 

carolinensis, 293, 295-298, 300-302, 
305, 306, 322. 

Gekko, 365. 

japonicus, 346, 347, 348, 349, 351, 366, 
367, 368, 369. 
japonicus japonicus, 367. 
japonicus hokouensis, 339, 346, 347, 
351, 365, 366, 367. 

subpalmatus, 346, 348, 351, 367, 368. 
swimhonis, 368, 369. 

Gekkonidae, 338, 359, 365. 

Gelasimus mordax, 581. 

Genyoroge analis, 519. 
bengalensis, 519. 


macolor, 519. 
melanospilos, 519. 
melanura, 519. 
notata, 519. 

Geoclemys, 364. 
grangeri, 365. 
reevesii, 346-349, 351, 364. 

Geomyzidae, 186. 

Gerres lineolatus, 519. 

Ginglymostoma concolor, 511. 

Glaridoglanis, 9. 

Glaucosoma semilunifera, 519. 

Glossogobius, 54. 

Glossotilla, 70-72, 90, 92, 93, 99. 
adelpha, 96, 101, 106. 
alberti prolongata, 112. 
atricolor, 107. 
casignete, 101. 
casignete gandana, 101, 105. 
congoensis, 106. 
garuana, 96, 105. 
jankisiana, 72. 
jokelensis, 106. 
kamboveana, 64, 105. 
kasongoensis, 105. 
katangensis, 64, 101, 105. 
kibomboana, 64, 106. 
leonina, 96, 105. 

leonina alboannularis, 64, 97, 106. 
leonina congoensis, 97,100,106. 
luctifera, 101, 106. 
malelensis, 96,106. 
mukongo, 96, 106. 
nyangwensis, 96, 106. 
obesa uelensis, 96, 106. 
stilpnopyga, 101, 106. 

Glyphidodon ccelestinus, 519. 
maculipinnis, 519. 
sordidus, 519. 

Glyptosternon, 8. 

Gnathopogon, 34. 

Gobertina picticornis, 169. 

Gobiidae, 53. 

Gobio, 35. 

Gobiobotia, 40. 

Gobius, 54. 
ocellaris, 519. 

Gomphosus eaeruleus, 519. 
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varius, 519. 

Goniograpsus innotatus, 577, 579. 

Gonyosoma, 360, 446, 447. 
caldwelli, 446, 447. 

melli, 346, 349, 352, 357, 363, 446, 447. 

Gorilla, 588, 589, 591, 602, 603, 605, 611, 
612,619,620,635,638. 

Grammistes orientalis, 519. 

Graministopsis striatulus, 519. 

Grapsidae, 577. 

Grapsus, 577. 
declivifrons, 579. 
grapsus, 562, 577. 
pragsus, 578. 
transversus, 577. 

Gudger, E. W., Nicolas Pike and His 
Unpublished Paintings of the Fishes 
of Mauritius, Western Indian Ocean, 
with an Index of the Fishes, 489- 
530; An Adult Pug-headed Brown 
Trout, Salmo fario , with Notes on 
Other Pug-headed Salmonids, 531- 
559. 

Guttera plumifera schubotzi, 235, 269. 

Gymnostinops montezumae, 125, 152. 

Gymnothorax afra, 519. 
albomaculatus, 520. 
elegans, 520. 
fimbriata, 520. 
geometrica, 520. 
insignis, 520. 
nubile, 520. 
pikei, 492, 520. 
richardsonii, 520. 
signifer, 520. 
tessellata, 520. 
viridipinnis, 520. 

Hadrotilla, 68, 70. 

Halcyoni coromandus, 235. 

Heleophryne, 321, 330. 
rosei, 321, 322. 

Heliastes axillaris, 520. 

Hemibagrus, 8. 

Hemibarbus, 32. 

Hemibungarus, 359, 466. 
kelloggi, 339, 346, 347, 353, 357, 360, 
466, 467. 


Hemiculter, 27. 

Hemiculterella, 26. 

Hemidactylus bowringii, 346, 348, 349, 
351, 369. 
frenatus, 369. 

Hemigymnus fasciatus, 520. 

Hemimyzon, 48. 

Hemiramphidae, 49. 

Hemiramphus commersonii, 520. 

longirostris, 520. 

Hemisalanx, 4. 

Hemistomum, 263. 

Hemisus, 293, 308. 

marmoratum, 293. 

Heniochus macrilepidotus, 520. 

monoceros, 520. 

Heterodon, 405. 

Hippoboscidae, 186. 

Hippocampus Camelopardalis, 520. 

guttulatus, 520. 

Histiophorus brevirostris, 521. 

gladius, 505, 521. 

Holacanthus alternans, 521. 
imperator, 521. 
melanospilos, 521. 
nicobariensis, 521. 
semicirculatus, 521. 

Holarchus, 346, 347, 353, 359, 360, 434, 

449, 453. 

chinensis, 346, 349, 350, 352, 356, 362, 

449. 

cyclurus, 347, 349. 
formosanus, 350, 352, 357, 451. 
formosanus hainanensis, 451. 
formosensis, 346, 349. 
musyi, 346, 347, 353, 357, 362, 452, 
453. 

torquatus konishii, 453. 
vaillanti, 347. 

violaceus, 346, 349, 350, 352, 357, 450. 
Holocentrum argenatum, 521. 
elongatum, 521. 
hastatum, 521. 
sammara, 521. 
spiniferum, 521. 

Homaloptera, 47. 

Homalosoma, 47. 

Homatula, 46. 
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Hominidae, 589, 635, 636, 638, 639. 

Homo, 588, 589, 591, 603, 611, 612, 619, 
620, 624, 635, 636. 

Hoplodonta, 170. 

Hoplophryne, 291-293, 297, 298, 301, 
302,306-309,311-313,319,321, 330. 
rogersi, 291, 292, 298, 300-307. 
uluguruensis, 291, 292, 294-296, 298, 
299, 300, 302, 307. 

Huso, 2. 

Hydrophiidae, 338. 

Hydrophis, 359, 360, 471. 
cyanocinctus, 471. 

Hyla, 309,310,312,321. 
andersoni, 298. 
brunnea, 309-312. 
dominicensis, 309, 312. 
heilprini, 310-312, 321-323, 326. 
lichenata, 311, 312. 
marianae, 311, 312. 
vasta, 322. 
versicolor, 311, 322. 
wilderi, 311, 312. 

Hylidae, 309. 

Hylobates, 588, 589, 591, 592, 601-605, 
611, 612, 614-616, 618-021, 624, 
625, 627, 634, 638. 

Hynobius leechii, 326. 
keyserlingii, 325. 

Hypophthalmichthys, 25. 

Hyporhamphus, 49. 

Iguana iguana, 164. 

Ischikauia, 28. 

Isidora tropica, 243. 

Julis dorsalis, 521. 
hebraica, 521. 
lunaris, 521. 
trilobata, 521. 

Kalophrynus stellatus, 295. 

Kaloula, 295. 

Kobus, 267. 
defassa, 239, 268, 273. 

Labeo, 20. 

Labidomilla, 68, 69, 72, 73. 


bilobata, 72, 73. 
tauriceps, 73. 

Lacertidae, 338. 

Lagothrix, 630. 

Lamna, 511. 

Lasiopyga, 588, 589, 591, 594, 597, 601- 
603, 605, 609, 619, 620, 625, 627, 
629, 633, 634. 

Lateolabrax, 51. 

Lates, 51. 

Latilus doliatus, 521. 

Lefua, 44. 

Legatus, 131,132,149,151-161,165. 

albicollis, 154, 155, 161. 

Leiocassis, 7. 

Leiolopisma, 384. 

modestum, 346, 347, 351, 359, 384. 
Lemur, 588, 589, 591-594, 599-603, 605, 
607, 608, 612, 613, 619, 620, 622- 
624,626,628,631,632. 
varius, 588. 

Lemuridae, 588, 636. 

Leptobotia, 42. 

Leptodactylus, 310. 

Leptodius cooksoni, 561, 562, 668 , 569. 

occidentals, 569. 

Leptograpsus rugulosus, 579. 
Lepturichthys, 47. 

Lethrinus erythropterus, 522. 
nebulosus, 522. 
oculatus, 522. 

Leucaspius, 556. 

delineatus, 537,555. 

Leuciscus, 15. 

Leucogobio, 34. 

Leucopternis ghiesbrechti, 149, 162. 
Leucosiidae, 583. 

Leucosiinae, 583. 

Leucosilia jurinei, 562,583. 

Leucosoma, 3. 

Limnaea natalensis, 268. 

Limnodromus griseus scolopaceus, 129. 
Liobagrus, 8. 

Liopeltis major, 346, 349, 350, 352, 
358, 360, 362, 447, 448. 

Liotilla, 70. 

Lissochilichthys, 13. 

Liuranus semicinctus, 522. 
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Lobotilla, 90. 

leucopyga leucospila, 110. 

Lonchaeidse, 186, 187. 

Lophotilla, 60-71, 87. 
aspila, 87. 
consors, 87. 

Lorisidae, 588, 636, 637. 

Lorisinae, 588. 

Loxodon africanus, 260. 

macrorhinus, 511. 

Luciobrama, 20. 

Lycodon, 359, 360, 426. 

fasciatus, 426. 

Lygosaurus, 359, 382. 
salsburyi, 384. 

sowerbyi, 346, 347, 350, 361, 382, 384. 

Mabuya, 359, 377. 

multifasciata, 361, 377. 

Macacus, 588, 589, 591, 594, 602, 603, 
605, 609, 612, 619, 620, 625, 633. 
Macropisthodon rudis, 346, 349, 350, 
352, 357, 360, 448. 
rudis melanogaster, 449. 

Macropodus, 50. 

viridiauratus, 457. 

Macropterobagrus, 8. 

Macropus, 190, 194, 198, 206, 217-219, 
222-227. 

rufogriseus, 190, 218, 219. 
rufus, 218, 219. 

Majidae, 563. 

Majinae, 563. 

Malacanthus hoedtii, 522. 

latovittatus, 522. 

Manatus exunguis, 254. 
Mastacembelidae, 5. 

Mastacembelus, 5. 

Megalobrama, 30. 

Megalophrys, 482. 

Megalops, 2. 

Mesoprion johnii, 522. 

Metapograpsus dubius, 579. 

miniatus, 579. 

Methocinae, 67. 

Microhyla, 300, 306, 312. 

pulchra, 305,306,322. 

Micropercops, 54. 


Micropezidae, 167, 177, 186, 187. 

Milichiidae, 185. 

Mimecomutilla, 90. 
aurinigra, 102. 
granulipygidialis, 90. 
renominada, 90. 

Misgurnus, 42. 
anguillicaudatus, 471. 

Monacanthus balistes, 522. 
longirostris, 522. 
pardalis, 522. 
rubricauda, 522. 
scopas, 522. 
scriptus, 522. 

Monopteridae, 4. 

Monostoma conicum, 238. 
elephi, 238. 

Moringua ferruginea, 522. 

Mugil cephaiotus, 522. 

Mulloides flavolineatus, 522. 

Mullus chryserydros, 522. 
flavolineatus, 522. 
macronemus, 522. 
microps, 523. 
trifasciatus, 523. 
vittatus, 523. 

Muraena tentaculata, 523. 

Muraenesox cinereus, 523. 

Musca casei, 178. 

Muscidae, 186, 187. 

Mustelus vulgaris, 511. 

Mutilla, 70-72, 77. 
adelpha, 105. 
africana, 91, 114. 
agave, 83. 

albertvillensis, 78, 82. 
albistyla, 102. 
alecto, 107. 

andromeda hecate, 78, 82. 
angonina lualabana, 78, 82. 
artemisia, 102. 
artotana, 102. 
astarte orientalis, 79. 
atricolor, 107. 
barbara, 77. 
basidens, 77, 82. 
bequaerti, 78, 82. 
bidentata, 73. 
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bitriangulifera, 78, 79. 
bunkeyana, 108. 
clavicornis, 76. 
clelia, 121. 
clytemnestra, 80. 
ccerulea, 77, 80. 
consors, 87. 
creusa, 102. 
cristata, 77. 
cyparissa, 108. 
dasya, 79, 80. 

dasya clytemnestrseformis, 79, 80. 

diselena, 79, 80. 

diselena obscurior, 79, 80. 

dolosa, 91. 

dunbrodia, 91. 

europaea, 77. 

guineensis, 89. 

guineensis sycorax, 89. 

hecate, 82. 

katangana, 78, 82. 

kigoma, 78. 

laevinotata, 115. 

latona, 75. 

leucopyga, 90, 110. 

leucospila, 110. 

luctifera, 106. 

medon, 90, 111. 

milmili, 75. 

mocquerysi, 85. 

nyctimene, 119. 

octacantha, 115. 

ovata, 85. 

parallela, 79, 81. 

pectinata, 91. 

penetrata agave, 78, 83. 

peringueyi, 90. 

porosicollis, 79, 81. 

pythia, 77, 79-81. 

pythia bitriangulifera, 79. 

pythia clytemnestrsoformis, 80. 

pythia dasya, 80. 

pythia radovse, 79, 81. 

pythia triodon, 82. 

tripunctata, 104. 

radovse, 81. 

rufipes, 90. 

salisburiana, 77, 81. 


salisburyana, 81. 
schulzi, 105. 
scutellifera, 89. 
sordidata, 107. 
striata, 78, 83. 
suavis, 90. 
sycorax, 89. 
triodon, 78, 82. 
varians, 104. 
versuta, 107. 

Mutillidse, 63, 67, 68, 90. 

Mutillinse, 67, 68. 

Mycetophilidse, 167, 184. 

Myiozetetes texensis columbianus, 161. 

Myliobatus maculata, 511. 

Myloleuciscus, 16. 

Myripristis murdjan, 523. 
prahnus, 523. 

Myrmilla, 68, 70, 72. 
bidentata, 73. 
jankisiana, 72. 

Myrmosinse, 67. 

MystacoleuCus, 11. 

Myxocyprinus, 9. 

Naja hannah, 346, 349, 351, 353, 469. 
naja atra, 346, 349, 351, 353, 357, 359, 
360, 470. 

Nanomutilla, 68, 70. 

Naseus lituratus, 523. 
tuberosus, 523. 
unicornis, 523. 

Nasocassis, 7. 

Natrix, 357, 363, 391, 394, 398, 423. 
sequifasciata, 346, 348, 350, 352, 356, 
357, 362, 363, 391-393, 395. 
annularis, 346, 348, 350, 352, 356, 358, 

359, 362, 363, 391, 392-395. 
craspedogaster, 344, 346, 348, 352, 356, 

396, 397. 

helleri, 345, 346, 348, 350, 352, 401. 
percarinata, 344, 346, 348, 350, 352, 
356, 357-359,361-363, 394, 395,439. 
piscator, 346, 348, 350, 352, 356, 358, 

360, 391, 392, 398, 400. 
septemlineata, 401. 

stolata, 346, 348, 350, 352, 356, 397, 
398. 
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subminiata, 401. 

tigrina lateralis, 346, 348, 349, 352, 
355, 356, 400, 401. 

Naucrates ductor, 523. 

Negritomyia, 168, 171. 
loewi, 171. 

Nemacheilus, 44. 

Neotragus, 245, 246. 
pygmseus, 244, 246, 276. 

Neriinae, 177, 187. 

Nichols, J. T., Chinese Fresh-water 
Fishes in The American Museum of 
Natural History’s Collections, with 
index, 1-62. 

Noble, G. K., The Adaptive Modifica¬ 
tions of the Arboreal Tadpoles of 
Hoplophryne and the Torrent Tad¬ 
poles of Staurios , 291-334. 

Nothacanthina magnifica, 176. 

Notidanus indicus, 511. 

Novacula aneitensis, 523. 
pavo, 523. 
taeniurus, 523. 

Numensis hudsonicus, 129. 

Ocadia sinensis, 347-349, 351. 

Ochetobius, 17. 

Ochthiphilidae, 186. 

Octonema, 47. 

Ocyalus, 125, 126. 

Ocypode albicans, 581. 
gaudichaudii, 580, 581. 
occidentalis, 580, 581. 

Ocypodidae, 580. 

Ocypodinae, 580. 

Odontilla, 68, 73. 
bidentata, 73. 

Odontomutilla, 69, 70, 72, 83. 
andromache, 87. 
andromache seminigrita, 87. 
calida, 83, 84. 
calida kameruna, 84. 
callewaerti, 83, 85. 
fracta unifasciata, 84, 85. 
maynei, 84, 85, 86. 
microcephala parva, 83, 85. 
mocquerysi, 84, 85, 86. 
ovata, 84, 85. 


parva, 85. 

quadrilobata, 64, 84, 85. 

seminigrita, 83, 87. 
tellinii tessmanni, 83, 87. 
zimrada maxima, 83, 84. 

Odontotilla, 68, 72. 

Odontomyia, 168, 169. 
aureovittata, 170, 171. 
deceptor, 170, 171. 
dispar, 170. 
gracilis, 170. 
guerinii, 170, 171. 
hydroleon, 170. 
impressa, 170. 
protrudens, 170, 171. 
semin uda, 170. 

Oligodon ornatus, 453. 

Onychostoma, 22. 

Ophicephalidae, 49. 

Ophicephalus, 49. 

Ophichthys colubrinus, 523. 

Ophisaurus, 370. 

harti, 344, 346, 348, 349, 351, 359, 361, 
363, 370, 372. 

Opisthotropis, 359, 423. 
kuatunensis, 339, 346, 347, 352, 
356, 359, 363, 423, 424. 
maxwelli, 347. 
rugosa, 423. 
typica, 423. 

Oplodontha, 168, 169, 170. 
aureovittata, 171. 
guerinii, 171. 
viridula, 170. 

Opsariichthys, 18. 

Oreinus, 14. 

Oreonectes, 44. 

Oriolus oriolus, 125. 

Ortalidse, 167, 174, 186, 187. 
Orthagoriscus truncatus, 523. 

Oryzias, 48. 

Osphromenus olfax, 524. 

Osphronemidae, 50. 

Osphronemus, 50. 

Osteochilus, 11. 

Ostinops, 125. 
alfredi, 126. 
atrocastaneus, 126. 
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decumanus, 125, 126, 152. 
salmoni, 125. 
sincipitalis, 126. 

Ostracion cornutus, 524. 
cubicus, 524. 
diapanus, 524. 
gibbossus, 524. 
nasus, 524. 
punctatus, 524. 
sebse, 524. 

Othonia aculeata, 563. 
mirabilis, 563. 
quinquedentata, 563. 

Oziinae, 573. 

Ozius, 562, 573. 
agassizii, 562, 574, 576. 
arenarius, 562. 
gaudichaudii, 562. 
occidentals, 562. 
perlatus, 575. 
reticulatus, 574, 575. 
verreauxii, 562, 673, 574. 

Pachygrapsus, 577. 
intermedius, 579. 
socius, 579. 

transversus, 562, 677, 579. 

Pachytriton brevipes, 324, 325. 

Pagrus filamentosus, 524. 

Palloptera pantherina, 175. 

Pan, 588, 589, 591, 594, 601-603, 611, 
612, 615, 616, 619, 620, 624, 634, 
635, 638. 

Panchax, 48. 

Panopeinae, 570. 

Panopeus planus, 571. 
transversus, 572. 

Papio, 589, 594, 597, 601-603, 605, 609, 
612, 619, 620, 624, 634. 
hamadryas, 588, 591, 619. 

Parabramis, 30. 

Paracanthobrama, 24. 

Paracheilognathus, 31. 

Parahoplophryne, 291, 292. 
usambaricus, 292. 

Paraleucogobio, 34. 

Paramisgurnus, 44. 

Paramphistoma, 237. 


Paramphistomatidse, 237. 
Paramphistomidse, 237. 
Paramphistominse, 237, 248. 
Paramphistomum, 237, 238, 243, 245- 
248, 253. 
bathycotyle, 238. 
bothriophoron, 238. 
calicophorum, 243, 246. 
cauliorchis, 243. 

cervi, 237, 239, 240, 242, 243, 246, 252, 
273-275. 

cotylophorum, 244. 
crassum, 243. 
epiclitum, 238. 

explanatum, 237, 243, 244, 246. 
fraternum, 243. 
gigantocotyle, 241, 248. 
graciie, 238. 
indicum, 238. 
microbothrium, 238-240. 
papilligerum, 238. 
papillosum, 238. 
siamense, 243. 

Parapelecus, 28. 

Parasalanx, 4. 

Parasilurus, 5. 

Paratoxopoda depilis, 178. 

Paryphodes, 174, 175. 
lineatus, 175. 
madela, 175,176. 
pantherina, 175. 
similis, 175. 

Pegasus draconis, 524. 

Pelobates, 298. 

Pelochelys cantorii, 346, 348, 349, 351, 

365. 

Peltacanthina, 174, 176. 
bicolor, 176. 
magnifica, 176. 

Perameles, 190, 195, 199, 218, 219, 221- 
223, 226, 227. 
macura, 190. 

Percis punctulata, 524. 

Periophthalmus koelreuteri, 524. 
Perodicticus, 588, 589, 591, 593, 598, 
599, 605, 608, 613, 619, 620, 621, 
623, 626, 628, 632. 
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Petauroides, 190,197, 201, 214,217, 222- 
225. 

volans, 190. 

Phacochcerus africanus, 263. 
Phascolarctos, 190, 197, 201, 219, 224, 
228. 

cinereus adustus, 190. 

Phascolomys, 190, 196, 200, 219, 221- 
224, 227, 228. 
ursinus, 190. 

Philypnus, 54. 

Phoridae, 184. 

Photopsidinse, 67. 

Phoxinus, 15. 

Phyllomedusa, 308. 

Physa alexandrina, 242. 

micropleura, 242. 

Pike, Nicolas. See Gudger. 

Pimepheris mangula, 524. 

Piophila casei, 178. 

Piophilidae, 167, 178, 187. 

Pipunculidae, 185. 

Pitho quinquedentata, 561, 563. 
Plagionathops, 24. 

Plagiostenopterina, 174,176. 
nyassica, 176, 177. 
submetallica, 177. 
westermanni, 177. 

Planaria latiuscula, 267. 

Platax vespertillio, 524. 

Platycephalus malabaricus, 524. 
Platyglossus hortulaiius, 524. 

scapularis, 524. 

Platyna, 167, 168. 

hastata, 168. 

Platysternidae, 338, 363. 

Platysternon, 363. 

megacephalum, 346,348,349,351,363. 
Plecoglossus, 3. 

Plectropoma lineatum, 525. 

maculatum, 525. 

Plotosus anguillaris, 525. 

Plumariidae, 67. 

Podophthaliminae, 564. 

Pcecilophis, 525. 
fascigue, 500. 
fascigula, 525. 
nebulosa, 525. 


pikei, 525. 
variegata, 525. 
zebra, 525. 

Pogonoperca reticulata, 525. 

Polynemus sexfilis, 525. 

Polyodontidae, 2. 

Pomacentrus nigripinnis, 525. 
pikei, 492, 525. 
scolopsis, 525. 

Pongo, 588, 589, 591, 594, 602, 603, 611, 
612, 619, 620, 635, 638. 

Pope, Clifford H., Notes on Reptiles 
from Fukien and Other Chinese 
Provinces, 335-487. 

Portunidae, 564. 

Portuninae, 564. 

Potamonidae, 566. 

Priacanthus carolinus, 525. 

Prionodon, 511. 

Pristis zysross, 511. 

Pristomutilla, 71, 91, 101. 
congoana, 64, 102, 103, 115. 
dolosa septemmaculata, 102, 114. 
dorsidentata, 102, 115. 
laevinotata, 101, 115. 
octacantha, 102, 115. 
rufibasalis, 102, 115. 
semipolita lembana, 102, 115. 
tergacantha, 102, 116. 

Promecilla, 68, 70. 

Protofasciola, 234. 

Protosalanx, 4. 

Psammodynastes pulverulentus, 346,349, 
350,353,357,359,360,362, 464, 465. 

Psammotherma, 69, 71. 

Psephurus, 2. 

Psettodes erumei, 525. 

Psettus argenteus, 525. 

Pseudis paradoxa, 322. 

Pseudobagrus, 6. 

Pseudocephalotilla, 68, 71. 

Pseudochirus, 190, 196, 200, 214, 217, 
223-225. 
lemuroides, 190. 

Pseudocladorchis, 255. 

Pseudodax moluccensis, 525. 

Pseudogastromyzon, 48. 

Pseudogobio, 38. 
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Pseudohemiculter, 28. 

Pseudolaubuca, 28. 

Pseudomphrale lophyrosoma, 174. 
Pseudoperilampus, 31. 

Pseudophotopsis, 67. 

Pseudorasbora, 20. 

Pseudoscarus, 525. 
flavomaculatus, 526. 
pyrrhostethus, 526. 
troschelii, 526. 

Pseudothelphusa richmondi, 561, 566, 
567. 

Pseudothelphusinae, 566. 

Pseudoxenodon, 359, 360, 363, 402, 405, 
407, 410. 

bambusicola, 346, 348, 350, 352, 356, 
362, 403. 

dorsalis, 402,405,407. 
fukienensis, 339, 346, 347, 352, 356, 
402, 407, 408, 411. 

karlschmidti, 339, 346, 347, 352, 
356, 402, 407, 410, 411. 
macrops, 402. 
macrops sauteri, 402. 
melli, 403. 
stegnegeri, 402. 
sinensis, 402, 410, 413. 
striaticaudatus, 339, 346, 347, 352, 
356, 362, 402, 405, 407, 411. 

Psilidae, 186. 

Psilocephala, 172. 
chapini, 173. 
langi, 173. 
pallipes, 173. 
velutina, 173. 

Psychodidae, 184. 

Ptecticus cinctifrons, 169. 

elongatus, 169. 

Pteragogus, 526. 

Pteroglossus, 150. 

Pterois antennata, 526. 
miles, 526. 
volitans, 526. 
zebra, 526. 

Ptilocera quadrilineata, 168. 

Ptyas, 360, 418. 

mucosus, 346, 348, 350, 352, 356, 362, 
363, 420. 


korros, 346, 348, 350, 352, 356, 363, 
418, 420, 421. 

Pulastrix, 166. 
perspicillata, 151, 161. 

Puntius, 12. 

Pycnotilla, 71, 72, 77. 
albertvillensis, 82. 
andromeda hecate, 82. 
angonina lualabana, 82. 
basidens, 82. 
bequaerti, 82. 
katangana, 82. 
penetrata agave, 83. 
striata, 83. 

Pygosteus, 49. 

Pyrgotidae, 187. 

Python, 359, 388. 
bivittatus, 347, 348, 350, 352, 388. 
reticulatus, 388. 

Pythonidae, 338. 

Raja gesneri, 511. 

Rana, 298, 305, 313, 318, 320-322, 330, 
401, 431, 482. 
clamitans, 315-318, 322. 
formosa, 313. 
graminea, 326. 
limnocharis, 399. 
spinosa, 326. 

Ranodon sibiricus, 326. 

Rasbora, 18. 

Rasborinus, 26. 

Redunca bohor, 239, 252. 

Rhagionidae, 167, 172, 185, 187. 

Rhamphastos piscivorus, 150. 

Rhinogobio, 37. 

Rhinogobius, 55. 

Rhodeus, 31. 

Rhomboidichthys pantherinus, 526. 

Rhopalomutilla, 69, 71, 76. 
anguliceps, 76. 
carinaticeps, 76. 
clavicornis, 76. 
clavicornis mlanjeana, 77. 
conifera, 76. 
conifera basalis, 76. 
cristata, 76, 77. 
mlanjeana, 76, 77. 
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tongaana, 76. 

Rhyacotriton, 326. 

Rhynchobatis djeddensis, 511. 

Rhyphidse, 184. 

Salamandra, 310, 324. 
atra, 325, 328, 329. 
caucasica, 325. 
salamandra, 324, 329. 

Salamandrina, 328, 329. 
ter-digitata, 328. 

Salangichthys, 3. 

Salangidse, 3. 

Salanx, 3. 

Salarias quadricornis, 526. 

Salmo fario, 531, 532, 538, 539, 541, 542, 
546, 548. 
irideus, 536, 537. 
lacustris, 537. 
salar, 541, 544. 
trutta, 544. 

Salmonidae, 3. 

Sapromyzidae, 186, 187. 

Sarcocheilichthys, 39. 

Sarcophagidae, 186. 

Sarcophaginae, 186, 187. 

Sarcophilus, 190, 195, 199, 220, 222, 228. 
ursinus, 190. 

Sargus striatus, 526. 

Saurida nebulosa, 526. 

Saurogobio, 38. 

Saurus myops, 526. 

Sayornis phoebe, 155, 165. 

Scarichthys caeruleo-punctatus, 526. 

Schizamphistomum scleroporum, 248. 

Schizopygopsis, 15. 

Schizothorax, 14. 

Scenopinidae, 167, 174, 185, 187. 

Sciaridae, 184. 

Scincidae, 338, 377. * 

Scoliidae, 67. 

Scolopsis, 526. 
phaeops, 527. 

Scopelus asper, 526. 

Scombrocypris, 17. 

Scorpaena axillaris, 527. 
erythraea, 527. 
gibbosa, 527. 


Semilabeo, 20. 

Sepsidae, 167, 178 , 186, 187. 

Sepsis depilis, 178. 
nodosa, 178. 

Serranidae, 51. 

Serranus areolatus, 527. 
fasciatus, 527. 
flavo-coeruleus, 527. 
fuscoguttatus, 527. 
guttatus, 527. 
hexognatus, 527. 
leopardus, 527. 
louti, 527. 
lutra, 527. 

macrospilos, 503, 527. 
mauritiiae, 527. 
melanotaenia, 528. 
melanurus, 528. 
oceanicus, 528. 
poecilonotus, 528. 
rhyncolepis, 528. 
rivulatus, 528. 
sonnerati, 528. 

Sibynophis collaris chinensis, 346, 348, 
350, 352, 356, 360, 389 . 
collaris collaris, 389. 
grahami, 389. 
hainanensis, 389. 

Sillago sehama, 528. 

Siluridae, 5. 

Silurodon, 6. 

Simiidae, 589, 634, 635, 638. 

Sinibarbus, 14. 

Siniperca, 51. 

Smicromyrme, 70-72, 87, 90 , 91 , 98 . 
acheron canescens, 113. 
adelpha, 105. 
africana, 114. 
albistyla, 92, 102. 
alecto, 107. 

annulicornis, 107. , 

artotana, 92, 102. 
atricolor, 107. 
atropos albistyla, 102. 
aurata, 107. 
aurinigra, 92, 102. 
bayeri, 98. 
bequaerti, 103, 110. 
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bugalana, 107, 108. 
bugalana brunneipennis, 107. 
bugalana claripennis, 108. 
bugalana kibomboana, 64, 108. 
bukamensis, 92,103. 
bunkeyana, 108. 
camporum, 64, 92, 104. 
casignete gandana, 105. 
congoana, 64, 103, 115. 
consors, 87. 
cyparissa, 108. 
degreefi, 108. 
demaculata, 114. 
difficilis, 98, 103. 
dolosa septemmaculata, 114. 
dorsidentata, 115. 
dunguana, 108. 
edwardi, 109. 
elizabethse, 64, 98, 103. 
enippe permacularis, 98,103. 
fallax, 109. 
galeata, 92, 103. 
garuana, 105. 

granulipygidialis, 91, 98, 103. 
graueri, 109. 
gussfeldti, 109. 
jankisiana, 109. 
kachiobweana, 109. 
kachiobweana jankisiaca, 109. 
kalumbana, 109. 
kamboveana, 64, 110. 
kasongoensis, 105. 
katangensis, 64, 105. 
kipochiana, 110. 
kitompoana, 98, 104. 
lsevinotata, 115. 
langenburgensis, 110. 
leonina, 105. 

leonina alboannularis, 64, 106. 

leonina congoensis, 106. 

leucopyga leucospila, 110. 

ligulifera, 111. 

longigena, 98, 104. 

luctifera, 106. 

lufirana, 111. 

lukugensis, 111. 

maculata melanocephala, 110. 

malelensis, 106. 


medon, 111. 
medon clarior, 111. 
melanocephala, 114. 
monteiroae charaxiformis, 114. 
mpalana, 112. 
mufungwana, 64, 104, 108. 
mufungwensis, 112. 
mukongo, 106. 
nyangwensis, 106. 
obesa uellensis, 106. 
octacantha, 115. 
odontolabris, 112. 
odontostoma, 112. 
prolongata, 112. 
propodealiformis, 112. 
pruinosa, 98, 104. 
rufibasalis, 115. 
sampweana, 112. 
sankuruana, 112. 
semipolita lembana, 115. 
serenjeana, 113. 
stilpnopyga, 106. 
tanganjicse, 113. 
tergacantha, 116. 
tettensis cretacea, 98. 
tettensis quintociliata, 98, 104. 
tettensis tripunctata, 98, 104. 
tolerabilis, 92, 103. 
tuberculifera, 113. 
unduligera, 113. 
varians, 92, 104. 
variipennis, 113. 
vetustata, 113. 
zairensis, 92, 105. 

Sooglossus sechellensis, 308. 

Spaniopholis kreyenbergi, 438. 

Sparoperca elegans, 528. 
pikei, 528. 
zonata, 528. 
zonatus, 528. 

Sphenomorphus, 359. 
boulengeri, 346, 347, 349, 351, 378, 
379, 381-383. 

formosensis, 346, 347, 350, 351, 379- 
383. 

indicus, 346, 348, 350, 351, 379, 380- 
383. 

leveretti, 379. 
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Sphyracephala, 179, 182. 
africana, 182. 
brevicornis, 182. 

Sphyraena agam, 528. 

Spinibarbus, 12. 

Spinulotilla, 70, 90, 92. 
annulicornis, 92, 107. 
kasongoensis, 97. 

Spizastur melanoleucus, 150, 161. 

Squaliobarbus, 16. 

Squamulotilla, 69, 71, 74. 
acanthogastra, 74. 
cerinipes, 74. 
denticollis, 74. 
jankisiensis, 74. 
kapiriensis, 74. 
microphatna, 74. 
ruwenzoriensis, 74. 

Squatarola squatarola, 129. 

Staurois, 291, 313, 318-323, 330. 
afghana, 313, 319. 
hainanensis, 320. 
latapalmata, 313, 319, 320, 322. 
livida, 320. 

ricketti, 313-316, 319, 320, 322-324, 
326. 

Stegostoma tigrinum, 511. 

Steleoceromys anthracina, 168. 

Stenobrithes tumidus, 169. 

Stenomutilla, 69, 71, 120. 
albicaudata, 120, 121. 
atra, 120, 121. 
bischoffi, 120, 121. 
carinulata, 120, 121. 
clelia, 120, 121. 
congoana, 120, 121, 122 . 
dolichoderoides, 121. 
rufipes, 121, 122. 
schulthessi, 121, 122. 

Stenopterina submetallica, 177. 

Stephanopharynx, 239, 251. 
compactus, 252, 253. 
secundus, 237, 252, 280, 281. 

Sternobrithes, 168, 169. 
tumidus, 169. 

Stolenostoma brachyurum, 528. 

Stratiomyidae, 167, 184, 187. 

Stratiomys hastata, 168. 


quadrilineata, 168. 
rufiventris, 169. 

Streblidae, 186. 

Stunkard, Horace W., The Parasitic 
Worms Collected by The American 
Museum of Natural History Expedi¬ 
tion to the Belgian Congo, 233-289. 
Sulcotilla, 68, 70, 71. 

Synanceia verrucosa, 528. 

Synaptura commersoniana, 528. 
Syngnathus, 528. 

Syrphidae, 185,187. 

Tabanidae, 167, 184, 187. 

Tachinidae, 167, 186, 187. 

Taeniura melanospila, 511. 

Takydromus, 358, 374, 390,429,434,464. 
septentrionalis, 346, 348, 349, 351, 359, 
360, 374, 376. 

sexlineatus meridionalis, 346, 348, 349, 
351, 359-361, 375. 

Tapinophis, 421. 

latouchi, 344, 346, 348, 350, 352, 356, 
358-360, 362, 363, 421-423, 425. 
Teleopsis, 179. 

Testudinidae, 338, 364. 

Tetanoceridae, 186. 

Tetraodon, 53. 

Tetraodontidae, 53. 

Tetraroge longispinis, 528. 

Tetrodon hispidus, 528. 
immaculatus, 528. 
lunaris, 529. 
mappa, 529. 
nigropunctatus, 529. 
sceleratus, 529. 
stellatus, 529. 

Teuthis corallina, 529. 
nebulosa, 529. 
rostrata, 529. 

Thamnophis, 398. 

Therapon servus, 529. 

Therevidae, 167, 172, 185, 187. 

Thraupis cana, 161, 164. 

Tipulidae, 184, 187. 

Tor, 12. 

Torpedo fuscomaculata, 511. 
panthera, 511. 
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Toxabramis, 28. 

Trachynotus baillonii, 529. 
Trachypterus, 529. 

Triacanthus biaculeatus, 529. 

Trichechus exunguis, 254. 
latirostris, 255. 
sengalensis, 255. 

Tricholabioides, 69,70. 

Trichiurus haumela, 529. 

Trimeresurus, 358, 360, 474. 
gramineus gramineus, 346, 351, 353, 
357, 358, 360, 478-481. 
gramineus stejnegeri, 346, 349, 351, 
353,357,358,362,478-481. 
monticola, 346, 349, 351, 353, 357, 
359-361, 474, 476. 

mucrosquamatus, 346, 349, 351, 353, 
357, 360, 476. 
orientalis, 474. 
stejnegri, 479. 

Triodon bursarius, 529. 

Trionychidae, 338, 365. 

Trirhinopholis, 425. 
styani, 344, 346, 348, 350, 352, 356, 
359, 360, 426. 

Trispilotilla, 70-72, 90, 91, 97,101. 
acheron, 97. 

acheron canescens, 97, 113. 
africana, 97,101,114. 
charaxiformis, 97. 
demaculata, 97, 114. 
maculata melanocephala, 110. 
melanocephala, 97, 101, 114. 
monteirose, 97. 

monteiroae charaxiformis, 97, 114. 
rufofemorata, 97. 
trimaculata guessfeldti, 101. 
trimacula melanocephala, 114. 
Triturus, 327. 

Trogaspidia, 70, 71, 90, 92, 99. 
alecto, 94, 107. 
alecto bequaerti, 110. 
alecto rufisquamulata, 94. 
atricolor, 95, 101, 107. 
aurata, 96, 100, 107. 
aurata variipennis, 113. 
bequaerti, 94, 110. 
biseriata, 91. 


brazzavillensis, 100. 
bugalana, 96, 107. 
bugalana brunneipennis, 107. 
bugalana kibomboana, 64,106, 108. 
bugalana propodealiformis, 112. 
bunkeyana, 94, 108. 
cyparissa, 100, 108. 
degreefi, 101, 108. 
divisa, 93. 

dunguana, 100, 108. 
edwardi, 95, 109. 
fallax, 93, 109. 
garuana, 105. 
graueri, 100, 109. 
giissfeldti, 99, 109. 
hyperspilota, 100. 
jankisiana, 100, 109. 
junodi, 91. 

kachiobweana, 94, 109. 
kachiobweana jankisiaca, 94,109. 
kalumbana, 99, 109. 
kamboveana, 64, 99, 105, 110. 
kipochiana, 99, 110. 
laevinotata, 91, 115. 
langenburgensis, 93, 99, 110. 
leucopyga leucospila, 94, 99, 110. 
ligulifera, 95, 111. 
lufirana, 110, 111. 
lukugensis, 93, 111. 
medon, 93, 99, 111. 
medon clarior, 93, 111. 
medon themis, 93. 
mpalana, 100, 112. 
mufungwana, 64, 99, 104, 108. 
mufungwensis, 95, 112. 
odontolabris, 95, 112. 
odontostoma, 95,112. 
pleuromelaena, 91. 
prolongata, 95,112. 
propodealiformis, 96, 112. 
richteri, 91. 
rufibasalis, 91, 115. 
salisburyica, 93. 
sampweana, 99, 112. 
sankuruana, 100, 112. 
serenjeana, 101, 113. 
tanganjicae, 94, 113. 
tanganjicae jankisiaca, 109. 
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trigonophora, 91. 
tuberculifera, 93, 113. 
truncativentris, 95. 
unduligera, 99, 113. 
variipennis, 96, 113. 
vetustata, 94,113. 

Tropidotilla, 70, 72, 76. 
milmili, 75. 

Trygon uamak, 511. 

Trypaneidae, 185, 187. 

Tubifex, 537, 557. 

Tylognathus, 21. 

Tylototriton verrucosus, 324. 

Typhiinae, 67. 

Typhlopidae, 336, 388. 

Typhlops, 359, 388. 
braminus, 346, 348, 350, 352, 356, 388. 

Typhoctes, 67. 

Uca mordax, 581, 582. 

Ulidia smaragdina, 174. 

Upeneus chryserydros, 529. 
macronemus, 522. 
microps, 523. 
trifasciatus, 523. 

Upenoides vittatus, 523. 

Varicorhinus, 22. 

Viereckia, 71, 91. 


Waterman, Harriet Cutler, Studies of 
the Evolution of the Pelvis of Man 
and Other Primates, 585-642. 

Xanthidae, 568. 

Xanthinae, 568. 

Xantho grandimanus, 573. 

Xanthodius occidentals, 569. 

Xenocypris, 22. 

Yunnanilus, 44. 

Zacco, 18, 392. 

Zancleus cornutus, 529. 

Zanclus cornutus, 529. 

Zarhynchus, 125-128,130-132,142, 151- 
163, 165, 166. 
wagleri, 125-127,129,164. 
wagleri mexicanus, 126. 
wagleri wagleri, 152. 

Zoacys, 359, 360, 413. 
dhumnades, 414, 415, 417, 438. 
dhumnades dhumnades, 356, 416, 416. 
dhumnades montanus, 339, 346, 
348, 352, 356, 415-417. 
nigromarginatus, 414-416. 
oshimai, 415. 

Zygaena mokarran, 511. 

Zygocotyle, 255. 
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